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STRATIGRAPHY AND SEDI?lENTOLOGY OF 
RADIOACTIVE DEVON IPSr'-:.IISS I S  S I P P  IA'! SHALES OF 

THE CENTWiL APPALACHIAN B A S I N  

1/ 
Linda J .  Provo- 

S u p e r v i s e d  by 

P a u l  Edwin P o t t e r  and J .  Ea r ry  ;*laynard 
- 2 /  - 3 /  

I n  e a s t e r n  Kentucky and Rearb:;, t;?e Ohio S h a l e  -- a r a d i o a c r i v e ,  b l a c k ,  
o r g a n i c - r i c h  s h a l e  of  La te  Devonian age  -- c o r ? s i s t s  o f  two doininant l i t h o -  
l o g i c  t y p e s ,  which o c c u r  i n  a d i s t i n c t i v ?  s c r a t i g r a p h i c  sequence .  These 
two l i t h o l o g i e s  a re  b r o m i s h - S l a c k ,  o r g a n i c - r i c h  s h a l e  and g r e e n i s h - g r a y ,  
o rgan ic -poor  s h a l e  and mudstohe. 
be  r ecogn ized  e a s i l y  i n  b o t h  t h e  s u b s u r f a c e  and o u t c r o p  and a re  t r a c e a b l e  
o v e r  most o f  e a s t e r n  Kentucky and i n t o  p a r t s  of  a d j a c e n t  s ta tes .  These 
s e v e n  u n i t s  are t h e  C leve land  S h a l e ,  Three Lick  Bed, Uppek, Middle ,  and 
Lower Huron S h a l e s ,  Olentangy S h a l e ,  and ! ,farcellus ( ? >  S h a l e .  

F i v e  t o  seven  s t r a t i g r a p h i c  subun'i ts  c a n  

Black s h a l e  w i t h i n  t h e  Ohio S h a l e  i n  Kentucky t y p i c a l l y  c o n t z i n s  30 
ppm u r a n i u n ,  w h i l e  l i g h t e r - c o l o r e d ,  o rgan ic -poor  s h a l e  c o n t a i n s  o n l y  1 5  
ppm. Uranium c o n t e n t  of  samples  from f i v e  s t r a t i g r a p h i c  s u b u n i t s  i n  
Kentucky r a n g e s  froin 6 t o  7 4  ppm; a v e r a g e  c o n t e n t  i s  2 7 . 7  2 3 . 2  p p n  a t  90 
p e r c e n t  c o n f i d e n c e  l i m i t s .  For a l l  saxples from Ohio, Kentucky, Tennessee ,  
and Alabama, a v e r a g e  u r a n i u n  cGnten t  i s  3 2 . 9  5 3 . 9  ppm a t  90 p e r c e n t  con- 
f i d e n c e  l i m i t s ,  w i t h  t h e  v c u n t  of u r a n i u a  varyir?g from 1 t o  106  ppm. The 
amount o f  uranium v a r i e s  w i t h  l i t h o l o g y  and g e o g r a p h i c a l l y .  The samples  
r i c h e s t  i n  uranium are  t h o s e  b l a c k  s h a l a s  f rom Tennessee and Alabama. I n  
Kentucky, t h e  t h i c k e s t ,  most u r a n i f e r c u s  u a i t s  a re  t h e  C leve land  S h a l e  and 
t h e  Lower Huron S h a l e ,  and t h e  e n t i r e  f o r n a t i o n  i n  t h e  s t a t e  i s  e s t i m a t e d  
t o  c o n t a i n  6.28 x 1012 t o n s  of u r a n i u z .  

Black s h a l e s  o f  Late Devonian zge have a widespread geograph ic  d i s t r i -  
b u t i o n  i n  N o r t h  America and on t h r e 2  o t h e r  con t inen t s . .  The d e p o s i t i o n a l  
s e t t i n g s  o f  t h e s e  b l a c k  s h a l e s  i n c l u d e :  (1) s h a l l o w ,  c r a t o n i c  'ssas, 

- 1/ Ph.D. c a n d i d a t e ,  U n i v e r s i t y  of Cin:innaci, expec ted  g r a d u a t i o n  June  

- 2 /  P r o f e s s o r  of Geology, L ' n i v e r s i t y  o f  C i n c i n n a t i ,  C i n c i n n a t i ,  Ohio. 
- 3 /  A s s i s t a n t  ? r o f e s s o r  of Geoiogy, L ' ;? i*iers i ty  cf C i n c i x a t i ,  C i n c i n n a t i ,  

1976-77. 

Ohio. 
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( 2 )  d i s t a l  f a c i e s  o f  t u r b i d l t e s ,  ap,J ( 3 )  b . i s i n a l  f a c i e s  a s s o c i a t e d  w i t h  
r e e f s .  The f i r s t  two o f  t h e s e  e n v i r c n n r n t s  c h a r a c t e r i z e  t h e  Ohio  S h a l e  
and  i t s  e q u i v a l e n t s  i n  t h e  c e n t r a l  .Appalachian B a s i n .  

KEY WORDS: Devonian  b l a c k  s h a l e ,  i x t e r n a l  s t r s r i g r a p h y ,  s u b s u r f a c e  mapp ing ,  
u ran ium r e s e r v e s ,  s e d  m e n c o i o g y  , and wor ldwide  e q u i v a l e n t s .  

T h i s  r e p o r t  w a s  p r e p a r e d  as ap. z c z o u n t  of Government -sponsored  work. 
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i s t r a t i o n ,  nor any  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  C o m i i s s i o n  

A. 

8 .  

As used  
a n y  employee  

Nakes a n y  w a r r a n t y  o r  r e p r e s m t a t i o n ,  e x p r e s s e d  o r  i m p l i e d ,  
w i t n  r e s p e c t  t o  t h e  a c c u r a c y ,  c o ~ p l e t e n e s s ,  o r  u s e f u l n e s s  of 
t h e  i n f o r n a t i o n  c o n t a i n e d  i n  c h i s  r e p o r t ,  o r  t h a t  t h e  u s e  of 
a n y  i n f o r m a t i o n ,  a p p a r a z u s ,  nechod ,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r epor t_  may n o t  i n f r i n g e  ? r i v a t e l y  owned r i g h t s ;  o r  

Assumes a n y  l i a b i l i t i e s  u i t h  respect t o  t h e  u s e  o f ,  or f o r  
damages r e s u l t i n g  f r o a  che  u s e  o f ,  a n y  i n f o r m a t i o n ,  a p p a r a t u s ,  
method,  o r  p r o c e s s  d i s c l c s e S  I n  t h i s  r e p o r t .  

a b o v e ,  “ p 2 r s o n  a c t i n s  on  b e h a l f  o f  t h e  Commission‘‘ i n c l u d e s  
o r  c o n t r a c t o r  of che  i , d - i n i s r r a i i o n  o r  employee  of s u c h  con- 

t r a c t o r ,  t o  t h e  e x t e n t  t h a t  s u c h  e n p l o y e e  o r  c o n t r a c t o r  o,f t h e  A d m i n i s t r a -  
t i o n  o r  employee  of  s u c n  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  
a c c e s s  t o ,  a n y  i n F o r c a t i o n  p u r s u a n t  t o  h i s  enp1o;;xent o r  c o n t r a c t  w i t h  t h e  
A d m i n i s t r a t i o n ,  o r  h i s  employment i d i ! i ; h  such  c o n t r a c t o r .  

. ,  . .  S u p p o r t  f o r  t h i s  = t u d y  ;.]as 3:G’;ii:ea 0;: r y e  S u c l e a r  F u e l s  Granch o f  t h e  
U n i t e d  S t a t e s  Energy  R e s e a r c h  anC De-:?1cp;1:en; X d m i n i s c r a t i o n ,  Grand J u n c t i o n ,  
C o l o r a d o ,  u n d e r  c o n t r a c t  nurnber AT(05-1)-1650.  Uraniurr. a n a l y s e s  w e r e  d o n e  
a t  U .  S .  E R D A ’ s  A n a l y t i c a l  Labora to r ; . ,  Grand J u n c t i o n ,  wh ich  i s  o p e r a t e d  f o r  
ERDA by t h e  Bend ix  F i e l d  E n g i n e e r i n g  C o r p o r a t i o n .  All o t h e r  work w a s  d o n e  
a t  t h e  U n i v e r s i t y  of C i n c i n n a t i ’ s  H. ?;. F i s k  L a b o r a t o r y  of S e d i m e n t o l o g y .  

The  Depar tmen t  of  Geo logy ,  U n i v z r s i t y  of  C i n c i n n a t i ,  p r o v i d e d  a d d i -  
t i o n a l  f i n a n c i a l  s u p p o r t  i n  t h e  f o r a  of a g r a d u a t e  a s s i s t a n t s h i p  € o r  t h r e e  
y e a r s .  

The  a u t h o r  i s  I n S z c t c d  t o  Xr. L‘ar,s -;dl.zr, U. S .  Energy  R e s e a r c h  and  
Development  A d m i n L s t r e t i o n ,  \ < a s h i - g t o n ,  3. C . ,  f o r  a d v i c e  d u r i n g  t h e  i n i t i a l  
p h a s e s  of t h i s  s t u d y .  
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The a u t h o r  g r e a t l y  a p p r e c i a t e s  t h e  a d v i c e  and h e l p  of many p e o p l e  
f a m i l i a r  w i t h  Devonian b l a c k  s h a l e s ;  among them, Mr. E .  N. W i l s o n ,  
I iep tucky G e o l o g i c a l  Su rvey ;  Dr . A r i e  Jansscns, Ohio G e o l o s i c a l  Su rvey ;  
Mr. Anthony T. S t s t l e r ,  T e n n e s s e e  G e o l o g i c a l  Su rvey ;  Dr. Doug las  G .  
P a t c h e n ,  West V i r g i n i a  G e o l o g i c 2 1  S u r v e y ;  >!r. W i l l i a m  K.  Overbey ,  U .  S .  
ERDA, Morgantown, Kest V i r g i n i a ;  Xcssrs. E r n i e  J e n k i n s  and  Eob Hager ,  
Kentucky-West V i r g i n i a  Gas Corrpany ; :.:essrs. William B a g n a l l  and W i l l i a m  
Ryan, Colurr5ia  Gas T r a n s m i s s i o n  C o r p o r a t i o n ,  C h a r l e s t o n ,  West V i r g i n i a ;  
and  h l r .  John  A v i l a ,  Ashland  Oil Conpany, Ash land ,  Kentucky.  These  p e o p l e  
a l s o  made a v a i l a b l e  f o r  s:udy ~ ~ 1 1  sa- .ples ,  core ,  and  w i r e - l i n e  l o g s .  

F i g u r e s  were d r a f t e d  b y  R .  E. Sco:t of t h e  U n i v e r s i t y  of C i n c i n n a t i ,  
and A .  Ormsby, X e w  O r l e a n s ,  L o u i s i a n a .  Roger P u r z e l l ,  B looming ton ,  
I n d i a n a ,  d r a f t e d  t h e  o r i g i n a l  b a s e  s a p .  

F i n a l l y ,  che  a u t h o r  t l a n k s  D r .  P a u l  Ed;;in P o t t e r ,  p r i n c i p a l  t h e s i s  
a d v i s o r ,  and D r .  J .  Earry :.!a;.nait, C=.?ar tzen ' :  o f  Ceo logy ,  U n i v e r s i t y  of 
C i n c i n n a t i ,  f o r  a s z i s t m c e ,  ad-:ic.-, 2nd e n c s - i r a g e n e n t  t h r o u g h o u t  t h i s  
s t u d y .  D r .  R .  C .  Kepferle, U .  S .  G e s l o g i c a l  S u r v e y ,  C i n c i n n a t i ,  Oh io ,  
c a p a b l y  g u i d e d  t h e  a u t h o r  i n  t h e  f i e i d  and  c o n t r i b u t e d  much s t i m u l a t i n g  
d i s c u s s i o n  a b o u t  s t r a c i g r z p h y  of t h e  Csvon ian  s h a l e  s e q u e n c e .  The 
f o l l o w i n g  p e o p l e  k i n d l y  p r o v i d e 5  a s s i s c a n c e  ic sainple  c o l l e c t i o n  and  f i e l d  
work:  M .  L m a n ,  ti. Yu, R .  U l m s c h a e i d e r ,  R .  C .  K e p f e r l e ,  and J. Ofsonka .  

LIST OF PUBLICATIONS 

A b s t r a c t s -  

Provo, L .  J .  Upper Devonian  E l a c k  S'ale -- ?~!orld~..iide D i s r r i b u t i o n  and 
What i t  l!eans, Shuriiake-r, R .  C . ,  ar,d K .  K .  Overbey ,  Jr., e d s . ,  
Devonian S h a l e  P r o d u c t i o n  a7.l P2:en:Lal: ? r o c .  7 t h  Ann. A F p a l a c h i a n  
P e t r o l e m  Geology Synposiu::, :Icrgancown, Z e s t  V i r g i n i a ,  March 1-4, 
1 9 7 6 ,  XZRC/SP-76/2, pp .  1-3.  

P rovo ,  L .  J . ,  R .  C .  K e p f e r l e ,  and P .  E. P o t t e r ,  i n  p r e s s .  T h i e e  L i c k  Bed: 
U s e f u l  S t r a t i g r a p h i c  N a r k e r  i n  :?per Devonian  S h a l e  i n  E a s t e r n  
Kentucky and A d j a c e n t  Areas o f  Gnio,  Vesr  V i r g i n i a ,  and T e n n e s s e e :  
U. S. Energy R e s e a r c h  a z d  D z v 2 ; c p ~ e n t  A d a i n i s t r a t i o n ,  i-lorgantown 
Energy  Resea rch  C e n t e r ,  Rep;. 1n.r. t E R C / R I - 7 7 / 1 ,  58 p p .  
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INTRi3DL'CT LOX 

The U p p e r  Devonian s h a l e  sequsnce  o f  t h e  c e n t r a l  Appalachian Bas in ,  
c o n s i s t i n g  of t h e  Ohio, O len tangy ,  and ? k r c e l l u s  ( ? )  S h a l e s  and t h e i r  
e q u i v a l e n t s ,  is  a d i s t i n c t i v e  and well-knov;n s t r a t i g r z p h i c  sequence which 
i s  e a s i l y  r ecogn ized  boch i n  s u r i a c e  e x p o s u r e s  2nd i n  t h e  s u b s u r f a c e ,  is 

- an i m p o r t a n t  p roduce r  o f  n a t u r a l  gas ,  and c o n t e i n s  a p p r e c i a b l e  uranium. 
> 

One of t h e  b a s i c  t o o l s  f o r  e s p i o i t i n g  t h e  r e s o a r c e s  of t h e  Ohio S h a l e  -- 
o r  any o t h e r  economica l ly  s i g n i f i c a n t  u n i t  -- i s  i t s  i n t e r n a l  s t r a t i g r a p h y .  
I J i t hou t  a fundamental  s t r a t i g r a p h i c  fraaev.iork, w i t h o u t  a cornan stratigra- 
p h i c  l anguage ,  p r e c i s e  l o c a t i o n  and p r e d i c c i g n  o f  i t s  gas- o r  uranium- 
b e a r i n g  zones i s  n o t  p o s s i b l e .  F c r t h ? r = o r e ,  s u b d i v i s i o n  of t h e  Upper 
Cevonian b l a c k  s h a l e  sequence ,  whose t h i c k n e s s  r a n g e s  f r o =  12ss t h a n  20 
f e e t  t o  o v e r  2,500 f ee t ,  i n t o  s t r a t i g r a p h i c  u n i t s  a l l o w s  a more mean ingfu l  
basin-wide a n a l y s i s  of  i t s  s e d i x e n r o l o g y .  T h u s ,  d e p o s i t i o n a l  h i s t o r y  of 
t h i s  fo rma t ion  can  b e  e x p l a i n e d  i n  t e n s  of  i i t h o l o g i c  t y p 2 s  and t h e i r  
s t r a t i g r a p h i c  sequence,  o n c e  i t  is i d e n t i f i e d .  

Economic, s e d i n e n t o l o g i c ,  and g e c c k e n i c z l  c h a r a c t e r i z a t i o n  o f  t h e  
Upper  Devonian S l a c k  s h a l e  sequence  i n  t h e  c e n t r a l  Appalachian Bas in  
( f i g .  1) w a s  accomplished by e x a i a i r a t i o n  of b o t h  s u b s u r f a c e  and o u t c r o p  
d a t a .  
l i n e  Logs; t h e  r ema inde r  have d r i l l e r ' s  logs ( f i g .  l}. Core from one well 
and c u t t i n g s  from 25 w e l l s  i n  Kentucky and t h r e e  i n  West V i r g i n i a  were 
examined and d e s c r i b e d  ( f i g .  1). F i n a l l y ,  10 o u t c r o p s  of t n e  Ohio S h a l e  
and its e q u i v a l e n t s  i n  Ohio,  Kentuclcy, and Tennessee ( f i g .  2) were measured,  
and d e s c r i p t i o n s  are i n c l u d e d  as AF?endix 1. 
s t r a t i g r a p h i c  u n i t  was e s t i i r a t e d  f r o n  a n a l y s e s  of u r a n i u n  o x i d e  i n  101 
samples c o l l e c t e d  from Ohio, Kentucky, Tennessee ,  ar.2 AlaSana. F o r t y  of 
t h e s e  samples  were s e l e c t e d  f o r  d z t e m i x a t i c n  of c a r b o n  i s o t o p e  r a t i o s ,  
e x t r a c t a b l e  o r g a n i c  c a t t e r ,  and t o t a l  o r g a n i c  ca rbon .  These a d d i t i o n a l  
chemical  a n a l y s e s  have n o t  been c o z p l c t e d  y e t ,  b u t  will b e  i n c l u d e d  i n  a 
s u p p l e m e n t  t o  t h i s  r e p o r t .  

Xea r ly  900 w e l l s  were s t u d i e d ,  a ? p r o s i m a t e i y  h a l f  o f  which have w i r e -  

The amount of uranium i n  e a c h  

P r e v i o u s  i n v e s t i g a t i o n s  o f  t h e  C ' p ? i r  Devznian b l a c k  s h a l e  sequence of . 
t h e  Appalachian Basin have  p rov ided  a d e r a i l e d  s t r a t i g r a p h y  o n l y  f o r  t h e  
Chat tanooga S h a l e  i n  Tennessee  (Conant and Swanson, 1961), which can  b e  
s u b d i v i d e d  i n t o  two members, the Dowelicosn and t h e  Gassaway, which are 
e q u i v a l e n t  t o  t h e  Ohio S h a i e  (Conant an3 Evanson, 1961, p p .  12-13). In  
Ohio,  t h r e e  meEbers are r e c o g n i z e d  (E30-"-2r, 1960): t h e  Huron, Chagr in ,  and 
C leve land .  To d a t e ,  however,  no a t ten? ts  t o  s u b d i v i d e  t h e  Ohio S h a l e  i n  
e a s t e r n  Kentucky have b e e n  made, 2r.d t h e  r e l a t i o n s h i p  of t h e  Ohio S h a l e  t o  
E q u i v a l e n t  s t r a t a  in West V i r g i n i a  and P e n n s y l v a n i a  h a s  n o t  been  de te rmined .  

B, 

The b e s t  and most comple t e  d i s c u s s i 7 n  o f  uraniuin in rho- Upper  Devonian 
s h a l e  sequence i s  t h a t  of Conaiit clod S-..:assor. (1951), who r e c o g n i z e  v a r i a -  
t i o n s  i n  uranium c o n t e n t  w i t h  s t r a t i g r a p a i c  p a s i t i o n ,  t h e  upper  h a l f  o f  
t h e  upper  nember (Gassaway) b e i n g  r i c h e s t  i n  uraniuin. Brown (1956) and 
Svanson (1353b) a l s o  found t h a t  u ran iu -  ;:2c c o r . i e n t r a t e d  i n  t h e  sane 
s t r a t i g r a p h i c  u c i t s .  S r e g e r  and B r a m  (1553 ,  fis. 2)  show t h a t  t h e  urznium 
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FIGURE 1. --Well control na?, sho- i ing  c o u n t i e s  ;rhere five to seven subunits 
of i k v o n i a n  shale siquo,nce ar'e r e c o g n i z a b l e .  
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c o n t e n t  of t h e  Chat tanooga S h a l e  is g r e a t s s c  it-. s o u t h e a s t e r n  Tennessee and  
d e c r e a s e s  northwsscward -=cross t h a t  S t a t e .  The r e l a t i o n s h i p  clf uraniuin t o  
s t r a t i g r a p h y  w a s  n o t  mentioned by t hese  a u t h o r s ,  b u t  t h e y  d i d  show t h a t  t h e  
amount of u r a c i u n  is  d i r e c t l y  p r a p o r c i o n a l  t o  t o t a l  o r g a n i c  matrer (Breger  
and  Brovn,  1963, f i g .  3 ) .  

To s u m r i z e ,  mosi or' v h a t  i s  known a b o u t  u r a n i u n  and s t r a t i g r a p h y  of 
t h e  Upper Devonian s h a l e  sequence Ln t h e  c e n t r a l  and s o u t h e r r .  Appalachian  
Bas in  concerns  t h e  s e c t i o n  i n  Tennsssee .  
b e  answered about  t h e  Devonian b l a c k  s h a l a s .  !Tiat is the i n t e r n a l  s trati-  
graphy of t h e  Ohio S h a l e ,  Kentucky 's  e q u i v a l e n t  of  t h e  Chat tanooga S n a l e ?  
How does Kentucky S t r a t i g r a p h y  conpare  t e  t h a c  of  Tennessee o r  o f  Ohio? 
Are s u r f a c e  s t r a t i g r a p h i c  u n i t s  z r a c e z b l e  i n t o  t h e  s u b s u r f a c e ?  
uranium c o n t e n t  v a r y  w i t h  s t r a t i g r a p h y  of che Ohio S h a l e ?  Wnat a r e  t h e  
r e a s o n s  f o r  such v a r i a t i o n ,  if acy? .L-d, f i n a l l y ,  what basin-wide t i e n d s  
i n  uranium c o n t e n t  c a n  be  i d e n t i i i t d ?  

S e v e r a l  q l ~ e s t i o n s  s t i l l  remain t o  

How d o e s  

C3XCLCS IONS 

Measured s e c t i o n s  and s u b s u r f a c ~  zna2:ing c f  t h 2  Ohio S h a l e  and i t s  
e q u i v a l e n t s  i n  t h e  c e n t r a l  A p p a l a c t i a z  Easir! have provided t h e  f o l l o w i n g  
s t r a t i g r a p h i c  c o n c l u s i o n s .  

1. I n  n o r t h e a s t e f i  Kentucky acd  a d j a c e n t  areas, t h e  Ohio S h a l e  
c o n s i s t s  o f  f i v e  t o  seven e a s i l y  recognized ,  mappaj le  u n i t s  
i n  b o t n  s u b s u r f a c e  and o u t c r o p .  

2 .  I n  s o u t h - c e n t r a l  Kentucky, where che s h e l e  sequence  is t h f n ,  
t h e s e  u n l t s  cannot  b2 s e p a r a t e d .  

3 .  ?=on t o p  ZO bottsm, t;-,ese seven u n i t s  are t h s  C l e v e l a n d  
S h a l e ,  Three Lick E e d ,  Y p p e r ,  Middle and Lower Huron S h a l e s ,  
Olentansy  S h a l e ,  and Fkrcel lus  (? )  S h a l e .  These s t r a t i g r a -  
p h i c  n s m s  W f i i  b e  f o r m a l l y  a s s i g n e d  i n  a f o r t h c o z i n g  p u b l i -  
c a t i o n .  

Chemical ar,d p e t r o g r a p h i c  s t u d y  o f  sa~p11-s  from t h z s e  s t r a t i g r a p h i c  
s u b u n i t s  i n d i c a t e  t h a t :  

1. The Ohio S h a l e  c o n s i s t s  of  two dominant l i t h o l o g i c  cypes:  
d a r k , o r g a n i c - r i c h  s h a l e  and greenish-gray ,  organic-poor  
s h a l e  o r  nuds tone .  

2 .  Kinor l i t 5 o l o g i e s  i n c l u d e  l i n e s t c l n s  w i t h  cone-in-cone 
s t r u c t u r e ,  s i l t s t o n e ,  d i s c o n r k u o u s  b a d s  of p y r i t e ,  and 
p h o s p h a t i c  nodules .  O f  r h e s e ,  l i m e s t o n e  ar,d p h o s p h a t i c  
noduies a r ?  f o m d  c o n s l s t z n t i y  i n  c5e upper  o n e - t h i r d  cf 
t h e  Ohio Shalc, suggest',ng t h a c  :hey 6 . r ~  s i r a t i g r z p h i c a l l y  
s i g n i f i c a 3 t .  

1 2  



UGR P i l e  S300 

Univ. of  Cincinnati 
April 1975-Dec. 1976 

COO-.l650- 1 

4 .  The amount of uran ium i n  Uppzr Devonian shales is g r e a t e s t  
i n  T e n n e s s e e  and Alsbana and i s  c o n t r o l l e d  by t h e  amount of 
o r g a n i c  m a t t e r  and by p o s i t i o r .  w i t h i n  t h e  d e p o s i t i o n a l  b a s i n ,  
t h e  l a t t e r  r e f l e c t i n g  s p e c i f i c  d e p o s i t i o n a l  c o n d i t i o n s  which  
l e d  t o  uraniurn e n r i c h r e n t .  

Economic c o n c l u s i o n s  i n c l u d e :  

1. The amount o f  uran ium i n  a l l  s a m p l e s  of  t h e  Ohio  S h a l e  and  
e q u i v a l e n r s  r a n g e s  from 1 t o  106  ppm. The a v e r a g e  amount of 
uraniurn p e r  u n i t  i n  t h e  Ohio S h a l e  i n  Kentucky is  2 7 . 7  5 3.2 
ppm a t  90 p e r c e n t  c o n f i d e n c e  l i m i t s .  

2 .  Fo r  t h e  C l e v e l a n d  5ha;e, T 5 r e e  L i c k  3 e d ,  and  t o t a l  Huron 
S h a l e  i n  Kentucky,  t_he a r i t h ? . e t i c  a v e r a g e  amount o f  u ran ium 
p e r  u n i t  zit:? 90 percent c o n f i d s n c e  l i m i t s  is  as  follows: 

C1eveiar.d S h a l e :  2S.9 2 5 . b  ppm 
T h r e e  L i c k  9 e d :  1 5 . 2  2 8 .0  p?n 

Upp?r Huron S h a l e :  31.0 2 6 . 1  ppn 
> f i d d l e  H L I ~ ~ Z  S h a l e :  30.5 5 1 2 . 2  ppm 

Lot;er Fu ron  S h a l e :  31.1 2 10 .1  ppm 

3 .  I n  Kentucky,  t h e  f i v e  most u r z n i f e r o u s  mits o f  t h e  Ohio  
S h a l e  a re  e s t i m a t e d  t o  c o n t a i n  6 .28 x t o n s  o f  u ran ium 
a n d ,  t h u s ,  must  be c o n s i d e r e d  a v e r y  i o v - g r a d e  b u t  m a j o r  
s o u r c e  o f  uran ium.  

4 .  The C l e v e l a n d  and Loi.;er Huron S h a l e s ,  b e c a u s e  t h e y  a re  t h i c k -  
e s t  and e a s i l y  r s c o g n i z e d ,  wguld b e  most  s u i c a b l e  f o r  f u t u r e  
economic e x p l o r a t i o n .  

5 .  P e r  u n i t  a r e a ,  black s h a l e  i n  c e n t r a l  and  n o r t h e r n  Kentucky 
and s o u t h e r n  Chi0  c o z t a i n s  more t c n s  of u ran ium t h a n  e q u i -  
va len :  s h a l e  ir; T x m t s s e e  and  n o r t h e r n  Alabama, wh ich  have 
much h i g h e r  c o n c e n t r a t i c n  o f  ureniurn r_h,an s h a l e  f rom t h e  
n o r t h e r n  p o r t i o n  0: t h e  s t c d y  a r e a .  

F i n a l l y ,  l i t e r a t u r e  s t u d y  o f  o t h 2 r  Devonian b l a c k  s h a l e s  i n  S o r t h  
America and o t h e r  c o n t i n e n t s  s u g ; s s t s  t h a t :  

1. D e p o s i t i o n  of Ohio S h a l e  o c c u r r e d  i n  v e r y  s h a l l o w  e p i c o n t i n -  
e n t a l  s e a s  i n  t h e  w e s t e r n  p o r t i o n  o f  t h e  A p p a l a c h i a n  B a s i n '  
and i n  d e e p e r ,  d i s t a l  f r i n g e s  o f  t h e  C a t s k i l l  d e l t a .  

2 .  D e p o s i t i o n  o f  b l a c k ,  z r g ~ c i c - r i c h  7:c-i o c c u r s  when t h e r e  is  
S o r h  a h l g h  r a t e  or' p r o d c c t i o n  o f  c r s e n i c  mat te r  and a 
s t r a t i f  Led water rr.ss :,i?,ich e n c o u r a g z s  i t s  p r e s e r v a t i o n .  

3. Black s h a l e  cf Cevon i sn  a g e  i s  f o ~ n d  i;l 26  s t a t e s  o f  t h e  
Unized S t a t e s ,  s i x  p r o v i 3 c e s  and t z r r i t o r i e s  of  Canzda ,  and  
on  t h r 2 e  3ch2r  c o n c i ~ 2 n : s .  
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4 .  Black s h a l e s  nay o c c u r  as  d i s t a l  f a c i e s  o f  t u r b i d i t e s  i n  
deep water, c r i t o n i c  d e p o s i t s  i n  s h a l l o w  water, o r  b a s i n a l  
f a c i e s  n e a r  growing c a r b o n a t e  r e e f s .  

C ' rWRACTERIZATION OF DEVONIXH BLACK SHALES 

Upper Devonian b l a c k  s h a l e s  of  t h e  c e n t r a l  Appalachian B a s i n  were 
- .  s t u d i e d  froin t h e i r  expcjsure a l o n g  t h e  w e s t e r n  margin of  t h e  b a s i n  ( f i g .  3)  

eas tward  i n t o  t h e  s u b s u r f a c e  of  West V i r g i n i a .  Outcrops of  t h e  s h a l e  a r e  
t y p i c a l l y  abou t  40 f e e t  t h i c k  i n  s o u t h - c e n t r a l  Kentucky (Appendix 1, 
s e c t i o n  7 ) ,  b u t  i n  t h e  s u b s u r f a c e ,  t h e  sane i n t e r v a l  t h i c k e n s  t o  o v e r  2,500 
fee t  i n  West V i r g i n i a  ( f i g .  4 ) .  To e v a l u a t e  t h e  uranium p o t e n t i a l  o f  t h i s  
body o f  r o c k ,  i t  i s  f i r s t  n e c e s s a r y  t o  d e t e r m i n e  i t s  l i t h o l o g i c  and s t r a t i -  
g r a p h i c  c h a r a c t e r  ( f i g .  5 ) .  

L i  t h o  logy 

The Ohio S h a l e  and i t s  equiva1en:s i n  t h e  w e s t e r n  p o r t i o n  of t h e  
c e n c r a l  Appalachian Bas in  c o n s i s t  of  two ,dominan t  l i t h o l o g i e s :  (1) brownish- 
b l a c k  t o  d a r k  g r a y  o r g a n i c - r i c h  s h a l e ;  and ( 2 )  g r e e n i s h - g r a y  s h a l e  o r  mud- 
s t o n e  which c o n t a i n s  s i g n i f i c a n t l y  l ess  o r g a n i c  matter and may b e  d o l o m i t i c .  
O the r  l i t h o l o g i e s  o c c u r  i n  TLninor amounts ar.d i n c l u d e  l i m e s t o n e  as t h i n  
cone-in-cone beds and s i l c s t o n e  e i tne r  as  t h i n  l aminae  o r  as d i s c r e t e  beds  
r a n g i n g  from 0 .1  t o  2 f s e t  i n  t h i ckne%s  as d e s c r i b e d  from e x p o s u r e s  i n  t h e  
e a s t e r n  p a r t  o f  t h e  s t u d y  area (Appendix 1, s e c t i o n s  9 and 10). P h o s p h a t i c  
n o d u l e s ,  ovoid t o  amoebiform i n  s h a p e ,  o c c u r  i n  t h e  upper  f e w  f e e t  of t h e  
Ohio S h a l e  and i t s  e q u i v a l e n t s  (ATpendix 1, s e c t i o n s  3 t h rough  8) .  Spher- 
u l e s , n o d u l e s ,  and i r r e g u l a r  a g g r e g a t e s  of p y r i t e  a r e  common th roughou t  t h e  
e n t i r e  f o r m a t i o n  and a r e  l o c a l l y  c o n c e n t r a t e d  a l o n g  bedd ing  p l a n e s .  

F o s s i l s  cornrnonly obse rved  i n  o u t c r o p  and c o r e  i n c l u d e  conodon t s ,  
l i n g u l o i d  and o r b i c u l o i d  b r a c h i o p o d s ,  f i s h  bone and scales.  These f o s s i l s  
may b e  c o n c e n t r a t e d  l o c a l l y  a l o n g  j edd i r ig  p l a n e s  o r  may o c c u r  s i n g l y .  
C o a l i f i e d  wood f r a g n e n t s  o f  C a l l i x y l o n ,  amber-colored,  s p o r e - l i k e  Tasman- 
- i t e s ,  and t h e  f o s s i l  a l g a  Fosrs:ia a re  also found i n  t h e  Ohio S h a l e .  

X-ray a n a l y s e s  and t h i n - s e c t i o n  s t u d y  o f  samples  s e l e c t e d  from t h e  
two dominant l i t h o l o g i e s  -- d a r k ,  o r g 2 n i c - r i c h  s h a l e  and l i g h t e r - c o l o r e d ,  
organic-poor  s h a l e  o r  mudstone -- show t h a t  t h e  d a r k  s h a l e  c o n s i s t s  p r i -  
m a r i l y  of t h e  c l a y  m i n e r a l  i l l i t e ,  c l a y - s i z e d  q u a r t z ,  and o r g a n i c  matter.  
Organic  matter, t y p i c a l l y  r edd i sh -b rovn ,  o c c u r s  i n  t h r e e  forms:  (1) as 
s h r e d s  and f l a k e s  p a r a l l e l  t o  bedd ing ;  ( 2 )  as f l a t t e n e d  cases o f  t h e  spo re -  
l i k e  Tasman i t e s ;  and (3) as zmorghous masses which l e n d  a deep  r e d d i s h -  
brown c o l o r  t o  f i n e  p a r t i c l e s  of  c l a y  and qua r t z . '  S h a l e s  which a r e  par t ic-  
u l a r l y  r i c h  i n  o r g a n i c  matter c o n t a i n  up t o  25 p e r c e n t ,  as  e s t i m a t e d  
from examina t ion  of t h i n - s e c t i o n s .  

O the r  c o n s t i t u e n t s  obse rved  i n  t h i n - s e c t i o n  are medium- t o  c o a r s e -  
s i l t - s i z e d ,  a n g u l a r  and e l o n g a t e  q u a r t z ;  p y r i t e  b l e b s ,  s p h e r e s ,  c u b e s ,  and 
some f r ambo ida l  masses; and d o l o m i t e  as  i r r e g u l a r l y  shaped g r a i n s  and 
rhombs t y p i c a l l y  (3.005 t o  0 .06  nm i n  s i z e .  G e n e r a l l y ,  t h e s e  c o n s t i t u e n t s  
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FIGURE 3. - -Loca t ion  nap of saz?lzs a:zl:;zcci f c r  urar;ium o x i d e  and  area of 
s u b s u r f a c e  s t u d y .  
l i g h t l y  s t i p p l e d .  

Area ldlndcrlain by Devonian b l a c k  s h a l e  is 
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OHIO, OLENTANGY & MARCELLUS (7)  SHALES 

Ro' WEST OF 840 I S 1  
CONTOUR INTERVAL - 1W 

SCALE PREPARED BY LINDA J. PROVO 

FOR 
ER3A COSTXACTAT I O C I I .  16y) 

1976 

50 0 50 MILES UNIVERSITY OF CINCINNATI 

100 K!LO:dETERS 50 so 

FIGURE 4 .  --Total  isopach map f o r  the Devonian sha le  seqilence (Ohio, 
Olentangy, and Marcell,ls ( ? )  Shales) . 
in easternmost Ken:uc!;y and vestern West V i r g i n i a .  

Xo:e r a p i d  thickening 
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DEFINE INTERNAL 
BASIN -WIDE STRATIGRAPHY 
AND RELATE TO RESOURCE 
1. Gas product ion and shows 
2. oil recovery 3 . ~ r a n i u m  

i 

I t 
I ARE INTERNAL STRATIGRAPHIC 1 

UNITS R E S E R V O I R  U N I T S ?  
i 

1. Strat igraphic un i ts  can be 
used as explorat ion guide 

2. Engineer ing and geologic 
propert ies of s t ra t igraphic  
un i t s  can be used for 
production studies and t o  
improve recovery and 
reserve est imates 

3. St ructura l  horizon should 
be near and genetical ly 
related to strat igraphic u n i t  

1. Geologic populat ion of i n -  
terest  can be statistically 
s t ra t i f i ed  and parameters  
es t imated  wi th precis ion 

1. Strai igraphic un i t s  cannot  
be used as explorat ion guides 

2. Propert ies and reserves 
studies should not be keyed 
t o  strat igraphic un i t s  ' 

3. Relevant structure horizons 
are hard t o  f ind 

FIGURE 5. --Role of  i n t e r n a l  s t r a t i g r a p h y  i n  r e s o u r c e  a p p r a i s a l  o f  U p p e r  
9. Devonian s h a l e  sequence.  C a r e f u l  d e f i n i t i o n  of basin-wide,  

i n t e r n a l  s t r a t i g r a p h i c  u n i t s  is t h e  f i r s t  key s t e p  i n  eva lua-  
t i o n  of r e s o u r c e s .  Once t h e  i n t e r n a l  s t r a c i g r a p h i c  f r s n e w o t k  
is i d e n t i f i e d ,  occurro-ncz o f  g z s  o r  o t h e r  r e s o u r c e s  can be 
r e l a t e d  t o  i t ,  and explora tFon can proceed most sys:ematical ly  
and e f f i c i e n t l y .  
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make up no more t h a n  1 0  t o  15 p e r c e n t  of  o r g a n i c - r i c h  s h a l e .  C h e r t ,  p l a g i o -  
c l a s e  f e l d s p a r ,  and muscov i t e  as s i n g l e  g r a i n s  v e r e  o c c a s i o n a l l y  obse rved .  

I n  c o n t r a s t ,  o rgan ic -poor  s h a l e  and mudstone c o n t a i n  n o t a b l y  less  
o r g a n i c  matter w i t h  a c o r r e s p o n d i n g  i n c r e a s e  i n  c l a y  minera ls  and minor 
c o n s t i t u e n t s  such  as  q u a r t z ,  p y r i t e ,  and e s p e c i a l l y  d o l o m i t e .  Esamples o f  
o r g a n i c - r i c h  and o rgan ic -poor  s h a l e ,  s i l t s t o n e ,  and l i m e s t o n e  w i t h  cone-in- 
cone s t r u c t u r e  a r e  shown i n  t h e  photomicrographs of  f i g u r e  6 ,  a l l  of which 
are  magnif ied 40 times. 

Bedding i n  b o t h  of t h e s e  l i t h o l o g i e s  i s  e n p h a s i z e d  i n  s e v e r a l  ways. 
S h r e d s  of o r g a n i c  matter and f l a t t e n e d  s p o r e s  show a p r e f e r r e d  o r i e n t a t i o n ,  
p a r a l l e l  t o  bedding.  Long axes of  e l o n g a t e  q u a r t z  g r a i n s  a re  a l s o  a l i g n e d  
p a r a l l e l  t o  bedding.  V a r i a t i o n  i n  tne amounts 0-f c e r t a i n  c o n s t i t u e n t s  a l s o  
d e f i n e s  bedd ing .  For example,  c o n c e n t r a t i o n  o f  o r g a n i c  matter i s  n o t  uni-  
form, b u t  increases and d e c r e a s e s  f r o n  one b e d d i n s  p l a n e  t o  t h e  n e x t .  T h i s  
i s  g e n e r a l l y  r e c o g n i z a b l e  by changes i n  c o l o r .  

Laminae of  s i l t - s i z e d  p a r t i c l e s  c o n s i s t i n g  p r i m a r i l y ' o f  q u a r t z  accen-  
t u a t e  bedding.  Th ickness  of  such  l a n i n a e ' i s  t y p i c a l l y  0.50 inm and less .  
P y r i t e  b l e b s  and s p h e r u l r s ,  when p r e s e n t ,  may b e  c o n c e n t r a t e d  a l o n g  beddir.g 
p l a n e s ,  and f i n e - g r a i n e d  (0.06 m?~ and l e s s )  d o l o m i t e  may o c c u r  i n  l aminae  
one o r  t w o  g r a i n s  t h i c k .  

I n  t h e  organic-poor  s h a l e s ,  i n o r g a n i c  c o n s t i t u e n t s  d e f i n e  bedding.  
Such shales, however, are  t y p i c a l l y  p o o r l y  l a m i n a t e d  b e c a u s e  of l a c k  o f  - 
p l a t y  p a r t i c l e s  ( e x c e p t  c l a y  m i n e r a l s )  and of  c o n t r a s t  i n  l i t h o l o g i c  con- 
s t i t u e n t s ,  b o t h  o f  which emphasize bedding.  

I n  o u t c r o p s ,  c o r e s ,  and t h i n - s e c t i o n ,  t h e  z l t e r n a t i o n  o f  b l a c k ,  
o r g a n i c - r i c h  s h a l e  and g r e e n i s h - g r a y ,  o rgan ic -poor  s h a l e  p roduces  a band ing  
( f i g .  6 . A . 2 ) .  It i s  p o s s i b l e  c h a t  such band ing  in t h e s e  s h a l e s  could b e  
i n t e r p r e t e d  as a r e s p o n s e  t o  d e p o s i t i o n a l  e v e n t s .  Hesse (1975) s u g g e s t e d  
t h a t  l i t h o l o g i c  c h a r a c t e r i s t i c s  such  as  c o l o r ,  b i o K u r b a t i o n ,  g r a i n  s i z e ,  and 
g r a d i n g  can b e  used t o  d i f f e r e n t i a t e  t u r j i d i c i c  s u d s t o n e s  f r o n  p e l a g i c  
mudstones.  

S i m i l a r l y ,  band ing ,  which i s  Trodaced by d i f f e r e n c e s  i n  l i t h o l o g i c  
c o n s t i t u e n t s ,  may b e  r e l a t e d  t o  t h e  o r i g i n  o f  t h e s e  s h a l e s .  Organic-poor 
s h a l e s  p r o b a b l y  are  d e p o s i t e d  when t h e r e  i s  a n  i n c r e a s e  i n  c l a s t i c  mate- 
r i a l s  i n t r o d u c e d  i n t o  t h e  b a s i n ,  p e r h z p s  by t u r b i d i t y  c u r r e n t s  some d i s t a n c e  
from where t h e s e  s h a l e s  a re  b e i n g  d e p o s i t e d .  Such a n  i n c r e a s e  would have  a 
twofo ld  e f f e c t :  (1)  d i l u t e  t h e  o r g a n i c  n a t t e r ;  and ( 2 )  d e s t r o y  o r g a n i c  
matter by improving c i r c u l a t i o n .  

Thus, band ing  i n  s h a l e s  is  l i k e l y  a r e s p o n s e  t o  d e p o s i t i o n a l  e v e n t s  i n  
o t h e r  par ts  o f  t h e  b a s i n .  C a r e f u l  p e t r o g r a p h i c  s t d y  of o t h e r  s h a l e  
sequences  is  needed t o  document f u r t h e r  t h i s  phenoaenon. 

The two l i t h o l o g i c  t y p e s ,  t h e r e f c r e ,  w h i c h  c h a r z c t e r i z e  t h e  Ohio 
S h a l e  i n  t h e  c e n t r a l  Appa lach ian  &sic are  e a s i l y  d i s t i n g u i s h e d  i n  t h e  
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1. Dark, o r g a n l c - r i c h  s h a l e .  S a m p l e  no. 1'7331. ilote 
s h r e d s  o f  orgshLc m z t t e r  ( x h l t e )  wh ich  d e f i n e  bedding,  
and variation i n  c o n z e 2 : r a t i o n  o f  o r g a n i c  = l a t t e r ,  
sho'vrn by l i g h t  and dark b m d s .  40x. 

1 .9 '6 

2. L i g h t ,  organic-poor s h a l e  enclosing a Sand o f  dark, 
o r g a n i c - r i c h  sha le ,  SzmpLe no. 17384. 40x. 



1-1 
Univ . 
Apri l  

1. Argillaceous s1l ts:one x i t h  s t r e a k s  o f  dark,  car- 
bonaceous m a t e r l a l .  Unit 23 o f  Moun ta i a  3 r a n c h  s e c t i o n  
(h22endls  1, section 10) .  40x. 

of Cincir 
1975-Dec. 

a t  
19 

, 

2, Limestone w i t h  cone-io-cone s t r u c t u r e .  U n L t  17 of 
Tener [{ountaln section ( A g p c n d i x  1, s e c t i o n  2 ) .  40x. 

6.B. Photomicrogra?hs o f  t h l n - s e c t i o n s  o f  non-shaly 1 l tho log:es  
from t h e  Ugper Devon;an s h a l e  sequence. 
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f i e l d  by c o l o r  and a r e  f u r t h e r  d i f f e r e z t i a t e d  i n  t h i n - s e c t i o n  by compos i t ion .  
T h e  n e x t  q u e s t i o n  t o  c o n s i d e r  i s  t h e  v e r t i c a l  arrangement  of t h e s e  two 
l i t h o l o g i e s .  IS t h e r e  a n  o r d e r l y ,  r e c o g n i z a b l e ,  and t r a c e a b l e  sequence  i n  
which t h e s e  r o c k  t y p e s  o c c u r ?  

S t r a t i g r a p h y  

Over much o f  t h e  area s t u d i e d ,  a d e f i n i t e  i n t e r n a l  s t r a t i g r a p h y  c a n  b e  
r ecogn ized  w i t h i n  t h e  Ohio S h a l e .  F i v e  t o  seven u n i t s  can  b e  d i s c e r n e d  i n  
t h e  s u b s u r f a c e  on g a m a  r a y  l o g s  ( f i g .  l), e x c e p t  where t h i c k n e s s  of t h e  
Ohio S h a l e  and i t s  e q u i v a l e n t s  i s  less  than  75  f e e t .  The same u n i t s  are 
a l s o  found i n  o u t c r o p s  where t h e  t h i c k n e s s  o f  t h e  s h a l e  exceeds  75 f e e t .  
Because uost of  t h e  Ohio S h a l e  i s  n o t  exposed a t  t h e  s u r f a c e ,  i t  is  sugges-  
t e d  t h a t  a r e f e r e n c e  s u b s u r f a c e  s e c t i o n  which c l e a r l y  shows t h e  s t ra t igra-  
p h i c  s u b u n i t s  i n  t h e  Ohio S h a l e  b e  d ~ s i g n a i e d .  A s u i t a b l e  w e l l  f o r  which 
t h e r e  are g a m a  r a y  and co rnpexa ted  fo rma t ion  d e n s i t y  c u r v e s  and a comple t e  
s e t  o f  well samples  i s  t h e  I n l a n d  Gas Corpany No. 533 C o a l t o n  Tract Fee,  
1,030 f e e t  from t h e  n o r t h  l i n e  and 1 ,310  f e e t  from t h e  w e s t  l i n e  of s e c t i o n  
11-V-81, Boyd Courity, Keiltucky ( f i g .  7 ) .  

I n  t h i s  l o g ,  s even  u n i t s  w i t h i n  t h e  Devonian s h a l e  sequence  can  b e  
s e p a r a t e d  on t h e  b a s i s  o f  t h e i r  g a a i a  r a y  c h a r a c t e r i s t i c s .  From t o p  t o  
bot tom t h e s e  u n i t s  are:  (1) Cl.eveland S'nale;  ( 2 )  Three  L i c k  Bed; 
( 3 )  Upper Huron S h a l e ;  ( 4 )  Piiddle Huron S h a l e ;  ( 5 )  Lower Huron S h a l e ;  
( 6 )  Olentangy S h a l e ;  and ( 7 )  !-farcellus ( ? )  S h a l e .  The f i r s t  f i v e  u n i t s  
l i s t e d  are  e q u i v a l e n t  t o  t h e  Ohio S h a l e  ( s e e  Hoover, 1960;  f o r  Ohio s t r a t i -  
graphy) w i t h  t h e  Three  L i c k  Eed b e i n g  a tongue o f  t h e  Chagr in  S h a l e .  These 
s t r a t i g r a p h i c  names w i l l  be  a s s i g n e d  f o r m a l l y  t o  t h e  seven  u n i t s  o f  t h e  
Devonian s h a l e  sequence  i n  Sentucky i n  a fo r thcoming  p u b l i c a t i o n .  The 
gamma r a y  c h a r a c t e r i s t i c s  of each u n i t  a r e  d e s c r i b e d  i n  T a b l e  1. Also 
shown i n  t h i s  t a b l e  a r e  1i :hologic  i n t e r p r e t a t i o n s  o f  each u n i t  based  on 
gamma r a y  c u r v e s ,  senple  s t u d y ,  and c o x p a r i s o n  of  measured o u t c r o p  s e c t i o n s  
( f i g .  2 )  and r ange  i n  t n i c k n e s s  f o r  each u n i t  ( s e e  a l s o  f i g s .  8 t h rough  1 2 ) .  

I n  g e n e r a l ,  i f  t h i c k n e s s  o f  t h e  Devonian snale  sequence  is g r e a t e r  
t han  50 f e e t ,  a t  l e a s t  t h e  C l e v e l a n d ,  Three  L ick  Bed, and Huron S h a l e  and, 
commonly, t h e  Olentangy and X a r c e l l u s  ( ? )  may be  r ecogn ized  ( f i g .  1). I n  
t h i n n e r  s e c t i o n s ,  t h e r e  i s  a l o s s  i n  r e s o l u t i o n  of  t h e s e  u n i t s  b o t h  i n  t h e  
s u b s u r f a c e  and i n  o u t c r o p  (Appendix 1, s e c t i o n s  6 t h rough  8 ;  f i g .  6 ) .  

The r e a s o n s  f o r  t h i s  l o s s  i n  r e s o l u t i o n  are  b o t h  mechan ica l  and geo- 
l o g i c a l .  F i r s t ,  w i r e - l i n e  l o g s  are  n e c e s s a r y  t o  i d e n t i f y  t h e s e  u n i t s  i n  
t h e  s u b s u r f a c e .  Where key b e d s ,  such as t h e  g r a y  and b l a c k  s h a l e s  of t h e  
Three  L ick  Bed, a re  less  t h a n  two f e e t  t h i c k ,  t h e y  a r e  t o o  t h i n  t o  p roduce  
a r e sponse  on t h e  & a m ?  r a y  c u r v e  ( s e e  f i g .  8 ,  Provo,  K e p f e r l e ,  and P o t t e r ,  
i n  p r e s s ) .  
t r a t e  t h i n  s e c t i o n s  commonly goes o f f - s c a l e ,  e l i m i n a t i n g  any  small respon-  
ses. On such  l o g s ,  o n l y  t h e  u p p e r  .and lower c o n t a c t s  of t h e  Devonian 
s h a l e  sequence may b e  p i cked  w i t h  c e r t a i n t y .  F i n a l l y ,  b e c a u s e  t h e  t h i n n e s t  
s e c t i o n s  o c c u r  c l o s e  t o  che b a s i n ' s  v e s t 2 r n  l i m i t ,  d e p o s i t i o n  may have  
begun l a t e r  h e r e ,  c a u s i n g  an o v e r l a p p i n g  of t h e  lower u n i t s .  The C leve land  

Also,  t h e  g a r z a  ray c u r v e  of  nany w i r e - l i n e  logs which pene- 
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Inland Gas 
G A M M A R A Y  . ~ ~ - 5 3 3  
API UNITS 

200 400 1 1 -V-81 
0 200 Coalton Tract Fee 

EX? LANATI ON 

Black Shale 

k-1 Gray Shale 

E] Dolomitic Gray Shale 

FIGUT' 7 .  --Seven s t r a t i g r a p h i c  s u b u n i t s  of 
the Upper Devonian s h a l e  sequence  as 
obse rved  i n  o u t c r o p  n e a r  Morehead, Rowan 
County, Kentucky (Appendix 1, s e c t i o n  3 ) ,  
and on gamma r a y  c u w e  from r e r e r e n c e  v e l l ,  
Goyd County, Kentucky. Olentangy and 
H a r c e l l u s  ( ? )  S h a l e s  arc n o t  p r e s e n t  in 
t h i s  o u t c r o p .  See Table 1 for Z u r t h e i  
d e s c r i p t i o n  of t h e s e  u n i t s .  
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COO-1 65 0-1 

SCALE 
50 0 50 MILES 

50 0 50 - 100 KILOtAETERS 
J 

CLEVELAND SHALE 
CONTOUR INTERVAL - ZV 

PREPARED BY LINDA J. PROVO 
UNIVERSITY OF CINCINNATI 

FOR 
ERDA CONTRACT AT 105-11 - 1060 

1928 

F I G U E  8. --Isnpach map of  C leve land  S h a l e  showing s l i g h t  t h i c k e n i n g  r e l a t e d  
t o  s t r u c t u r a l  f e a t u r e s  i n  z a s t - c e n t r a l  Kentucky. 
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SCALE 
50 0 50 MILES 

50 0 50 100 KILQYETERS 

UGR F i l e  #3UO 

Univ, of Cincinnati 
A p r i l  1975-Dec, 1976 

COO-1650-1 

T H R E E  LICK BED 

CONTOUR INTERVAL - I W  

PREPARED BY LINOA J. PROVO 
UNIVERSITY OF CINCINNATI 

FOR 
ERDA CONTRACT AT (05.1 I - 1650 

1978 

.FIGURE 9 .  --Isopach map of Three Lick Bed (partial equivalent of Chagrin 
Shale). Note t w o  lobate areas of maximum t h i c k n e s s  in 
eastern Kentucky. 
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COO-1650-1 
Univ. of  Cinc inna t i  
Apri l  1975-Dec. 1976 

SCALE 
50 0 50 MILES 

1 

50 0 50 100 KILOMETERS 

UPPER HURON SHALk 

CONTOUR I N T E R V A L  lo' 

PREPARED ey  CINOA J. PROVO 
U N I V E R S I T Y  OF CINCINNATI  

FOR 
EROA C O H T R K T  A T  (05.1). 1650 

i om 

F I G U R E  10.  --Isopach n a p  o f  L'pper t Iuron Shale. Part of  t h e  Chagrin S h a l e  
o f  Ohio may be  inciuded i n  this u n i t .  
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Univ. of Cincinnati 
April 1975-Dec. 1976 

COO-1650-1 

s c m  
50 G 50 MILES 

50 0 50 100 KILOMETERS 
> d 

MIDDLE HURON SHALE 

CONTOUR INTERVAL * M’ 

PREPARED 8 V  LINDA J.  PROVO 
U N I V E R S I T ~  OF CINCINNATI 

FOR 
ERDA CONTRACT AT 105.1). 1650 

1Y76 

FIGURE 11. -- Isopach  map of M i d d l e  Huron S h a l e  showing locally t h i c k  areas 
i n  s o u t h e a s t e r n  Kentucky. 
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Univ. of Cincinnati 
April 1975-Dec. 1976 

COO- 1650- 1 

LOWER HURON SHALE 

CONTOUR INTERVAL - ?o 

SCALE PREPARED BY LINDA J. movo 
U N l V E R f l l Y  OF CINCINNATI 

F on 
ERDA CONTRACT AT l ~ l l . ~ 6 S O  

1978 

50 0 50 M I L E S  

50 0 50 100 KILOMETERS 

FIGURE 12. - - I sopach  n a p  of Lower Euron  S h a l e ,  wh ich  is e a s i l y  t r a c e a b l e  i n t o  
West V i r g i n i a .  S t r u c t u r a l  f e a t u r e s  d a t i n g  from Precambr ian  t i m e  
i n f l u e n c e d  d e p o s i t i o n  of t h i s  u n i t  i n  e a s t - c e n t r a l  Kentucky. 
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COO-1650-1 

S h a l e ,  w i t h  i t s  c h a r a c t e r i s t i c  phosphate  n o d u l e s ,  t h e  Three Lick  Bed, and 
probably  t h e  Upper Huron S h a l e  have a l l  been t r a c e d  i n  t h i n  o u t c r o p  
s e c t i o n s  as fa r  s o u t h  as n o r t h e r n  Tennessee (Appendix 1, s e c t i o n s  6 through . 
8 ) ,  b u t  u n d e r l y i n g  u n i t s  probably d o  n o t  ex tend  t h i s  f a r  south .  

As t h e  b l a c k  s h a l e  i n t e r v a l  t h i n s  i n  t h e  s u b s u r f a c e ,  t h e  Cleve land ,  
Three  L i c k  Bed, and Lower and Middle Huron f i r s t  become i n d i s t i n g u i s h a b l e ,  
w h i l e  t h e  Lower Huron remains t r a c e a b l e  b e c a u s e  o f . - i t s & i z t i n c t i v e  gamma 
r a y  c h a r a c t e r i s t i c .  
s u b s u r f a c e  s e c t i o n s  as i t  is i n  t h i n  o u t c r o p  s e c t i o n s .  

The Lower Huron probably  is  a b s e n t  i n  ex t remely  t h i n  

The Lower Huron S h a l e  p e r s i s t s  eas tward  i n t o  West V i r g i n i a  ( f i g .  12) 
as t h e  t o t a l  s e c t i o n  t h i c k e n s ,  w h i l e  t h e  Cleveland S h a l e ,  t h e  Three  L i c k  
Bed, and t h e  Upper and Middle Huron S h a l e s  become i n s e p a r a b l e ,  p robably  due 
t o  a d i l u t i o n  of  o r g a n i c - r i c h  s h a l e s  by s i l t s t o n e s  and organic-poor  s h a l e s .  
I n  t w o  of t h e  measured s e c t i o n s  (Appendix 1, s e c t i o n s  9 and 10) i n  t h e  
s o u t h e a s t e r n  p a r t  of t h e  s t u d y  area, s i l t s t o n e  and organic-poor  s h a l e  
account  f o r  more of t h e  t o t a l  s e c t i o n  t h a n  b l a c k ,  o r g a n i c - r i c h  s h a l e  does.  
I n  e a s t e r n  \Jest V i r g i n i a ,  Pennsylvania ,  and New York, Devinian r o c k s  equi -  
v a l e n t  t o  t h e  b l a c k  s h a l e  sequence i n c l u d e  s a n d s t o n e s  and s i l t s t o n e s  o f  
t h e  Brall ier,  "Chern~ng'~,  and Catsicill F o m a t i o n s  ( O l i v e r  and o t h e r s ,  1971), 
b u t  few d a r k ,  o r g a n i c - r i c h  s h a l e s .  The Olentangy and Y a r c e l l u s  (? )  S h a l e s  
o c c u r  more commonly i n  t h e  eastern p o r t i o n  of t h e  s t u d y - a r e a  ( f i g .  13) and 
a re  t h i c k e s t  i n  eas te rnmost  Kentucky and i n  West V i r g i n i a .  

The r e g i o n a l  p e r s i s t e n c e  of t h e s e  s e v e n  u n i t s  i s  shown i n  f i g u r e  13, 
i n  which t h e s e  u n i t s  a r e  t r a c e d  from s o u t h e r n  Ohio southeas tward  t o  West 
V i r g i n i a  and southward t o  s o u t h - c e n t r a l  Kentucky ( f i g .  2 and T a b l e  2 ) .  The 
loss of t h e  Cleve land ,  Three L i c k  Bed, and t h e  Lower and Middle Huron, t h e n  
t h e  Olentangy and Y a r c e l l u s  (?)  S h a l e s  and ,  f i n a l l y ,  t h e  Lower Huron o c c u r s  
as t h e  Devonian s h a l e  sequence i s  t r a c e d  from Ohio t o  Kentucky ( f i g .  13).  

Regional  C o r r e l a t i o n  

The r e g i o n a l  p e r s i s t e n c e  of  t h e s e  u n i t s  of  t h e  Ohio S h a l e  i n  Kentucky 
s u g g e s t s  a n  impor tan t  q u e s t i o n .  Are t h e s e  u n i t s  c o r r e l a t i v e  w i t h  p u b l i s h e d  
s t r a t i g r a p h i c  s u b u n i t s  of t h e  Ohio S h a l e  i n  Ohio (Hoover, 1960) and t h e  
Chat tanooga S h a l e  i n  Tennessee (Conant aad Swanson, 1961)?  The b l a c k  s h a l e  
sequence i n  Kentucky ( f i g .  6) is b r o a d l y  s i n i l a r  t o  t h a t  i n  b o t h  Ohio and 
Tennessee i n  t h a t  i t  c o n s i s t s  of upper  and lower b l a c k  s h a l e s  (Cleve land  
and Lower Huron) e n c l o s i n g  a b l a c k  s h a l e  and i n t e r b e d d e d  g r a y  and b l a c k  
s h a l e s  (Three Lick  Bed, Upper  and Middle Huron). 

The Chattanooga S h a l e  can b e  s u b d i v i d e d  i n t o  t h e  same number o f  u n i t s  
as  t h e  Ohio S h a l e ,  w i t h  good l i t h o l o g i c  cor respondence  ( f i g .  1 4 ) .  Provo, 
K e p f e r l e ,  and P o t t e r  ( i n  p r e s s )  c o r r e l a t e  t h e  Three L i c k  Bed w i t h  t h e  
middle  u n i t  o f  t h e  Gassauay on t h e  b a s i s  of o u t c r o p  s t u d y .  Comparison of 
Ohio and Kentucky s t r a t i g r a p h y  ( f i g .  1 4 )  s u g g e s t s  t h a t  t h e  Huron S h a l e  i n  
Ohio could b e  subdiv ided  f u r t h e r  i n t o  t h r e e  u n i t s ,  c o r r e s p o n d i n g  t o  t h e  
Upper, Middle,  and Lower Huron i n  Kentucky. I n  a d d i t i o n ,  i f  t h e  Three  
L i c k  Bed is p a r t i a l l y  e q u i v a l e n t  t o  t h e  Chagr in ,  a f a c i e s  change o c c u r s  as 
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L 

0310 SHALE 

r] BLACK SHALE 

1-d GRAY SHALE 

Fwd INTERBEDDED BLACK 8 GRAY SHALE 

FIGURE 13. --Schenatic c r o s s  s e c t i o n s  showing i n t e r n a l  s t r a t i g r a p h y  of the 
Upper Devonian s h a l e  sequence i n  e a s t e r n  Kentucky and nearby .  
Datum is top  of Ohio S h a l e ;  undiv ided  Bedford S h a l e  and Berea 
Sandstone o v e r l i e  datum. (See  f i g u r e  2 f o r  l i n e s  of s e c t i o n ;  
numbers r e f e r  t o  well l o c a t i o n s  i n  T a b l e  2) 
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TABLE 2 .  - Ou:cro= scc:ion and vells used in conscruccfon 
of cross s e c t i o n s ,  f iqur,  1 3 .  

Ovccrop 2 .  T e n e i  Xountain.  X d ~ i s  Cour.cv, Ohio 
(see  a l s o  Appendix A )  

' .  

(1) ...... 

( 3 ) .  ..... 

( 4 ) .  ..... 

( 5 ) .  ..... 

( 6 ) .  ..... 

( 7 ) .  ..... 

(8). ..... 

(9).. .... 

Wells v i t h  vfr+-line lops 

Ashland Of!, tto. 1 Cfllian 

Crccnup Councy. Rcncucky 
16-2-78 

Crccaup Cauncy. Kentucky 

Inlaad Car No. 553 Coalcon Tract Fee 

Boyd County. Kentucky 
11-V-81 

Inlacd Gss So. 542 Young 

bvreoce County, Kcntccky 
6-U-02 

Gzltcd ?uai  Gas So. 95C9-T Unfced i u c l  Gas Fee 
Deed 9342 
Pemlt So. 1509 

Xayno Councy. Zest Virginia 
23-7-06 

Inland Gas So.  559  Daniels  

Boyd Councy, Zentucky 
5-u-a3 

Honfcor 2z:roleum So. 2-G Ison-Scephens U n i t  
13-i- 7 9 

E l l i o t t  Courrty, Kentucky 

?!onitor Petroleum No. 1 Ison 

?!organ Coua:y, Kentucky 
3-3-75 

Zo l ly  Creek Iroductiaa No. 2 >hit+ 

Wolfc County, Kentucky 
2C-0-73 

(11) ...... L. 0. P a l e  No. 1 Bowan 
22-L-69 

Ovsley Co*~ncy, Kentucky 

(12) ...... Planet Petroleum No. 1 Cavins 
1-3-58 

Jac'uoa C o ~ ? t y ,  Kancu:ky 

(13) ...... A .  0 .  Acha !lo. 1 Stevart 
13-8-65 

Laurel County. Kentucky 

(14) ...... D. Proctor No. 1 Slav las  
24-9-61 

P u l a s k i  Couacy , Kmcuckj 
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* -  
5 
v1 

' 
- 
3 " - ,  

EXYESSEE 

Three L i c k  3ed 

(gray + black shale) 

U p p e r  Buzon Shale 

(black shale) 

w a 
c - z 
3 

* =  
X f d d l e  tiuroa Shale = 

c 

(gray + black shale)  

Upper tassauajr 

(black shale)  

U d d l e  Cassawry 

(gray + black shale) 

Lover Garsaway 

(black shale) , 

Z p p e r  Dowellcc*n 

(gray + black shale) 

Laver D0l;ell:swu 

(black shale) 

Cleveland Shale 

(black shale) I 

Lowcr Huron Shale ' 

(black shale) 

OHIO - 
Cleveland S h k e  

(black shale) 

Chaarln Shale 

(nudstooe + s f l t 3 c o n c )  

Huron Shale 

(black + gray shale)  

U p p e r  

(gray shala) 

Laxer 

(black shale)  

FIGURE 14. --Comparison of s t r a t i g r a p h i c  nomenclature and l i t h o l o g y  of 
Chattanooga Sha le  (Tennessee) ,  Ohio Sha le  (Kentucky),  and 
Ohio Sha le  (Ohio).  
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- 
t h e  Chagrin i s  t r a c e d  from Ohio southward i n t o  Kentucky. 
Chat tanooga S h a l e ,  t h e  s t r a t i g r a p h i c  s u b u n i t s  o f  t h e  Ohio S h a l e  i n  Ohio 
are similar t o  t h o s e  i n  Kentucky. 

Thus, l i k e  t h e  

- 

It is  sugges ted  t h a t  t h e  Devonian s h a l e  nomencla ture  f o r  Ohio b e  
r e v i s e d  t o  show t h a t  t h e  Huron S h a l e  is  s e p a r a b l e  i n t o  t h r e e  s u b u n i t s  and 
t h a t  t h l s  nomenclature  be extended i n t o  Kentucky. T h i s  is  p r e f e r a b l e  t o  
u s i n g  Tennessee s t r a t i g r a p h i c  terminology f o r  Kentucky s t r a t a  because  t h e  
Ohio names have p r i o r i t y .  It is  a l s o  sugges ted  t h a t  t h e  Cleve land ,  Chagrin,  
and Huron b e  b e t t e r  d e f i n e d  from t h e  s u b s u r f a c e  of  Ohio t o  f a c i l i t a t e  t h e  
c o n s t r u c t i o n  of c r o s s  s e c t i o n s  t o  show t h e  r e g i o n a l  r e l a t i o n s h i p s  between 
t h e  Devonian s h a l e s  of Ohio and Kentucky. The impor tance  of s u b s u r f a c e  
s t r a t i g r a p h y  is  s t r e s s e d  because o u t c r o p  s e c t i o n s  a r e  n o t  a lways complete  
and may n o t  b e  spaced c l o s e l y  enough t o  a l l o w  f i r n  c o r r e l a t i o n s .  

UWCNIUM I N  DEVONIAN BLACK SHALES 

The amount of uranium i n  t h e  b l a c k ,  o r g a n i c - r i c h  s h a l e s  of  t h e  Upper 
Devonian s h a l e  sequence o f  t h e  Appalachian Bas in  i s  g r e a t e ;  t h a n  t h a t  
c o n t a i n e d  i n  a n  average  s h a l e  by as much as t e n  t imes (Turekian  and 
Kedepohl,  1961, Table  2 ) .  Consequent ly ,  t h e s e  b l a c k  s h a l e s  have been 
s t u d i e d  as a s o u r c e  of uran iun .  Such i n v e s t i g a t i o n s  i n c l u d e  d e t a i l e d  
s t u d i e s  o f  one f o r n a t i o n ,  l i k e  Conant and Swanson's (1961) r e p o r t  on t h e  
Chat tanooga S h a l e  of  Tennessee,  and more g e n e r a l  a c c o u n t s  of uranium from 
many d i f f e r e n t  s h a l e s  of  Devonian and o t h e r  a g e s  (Swanson, 1956; 1960a) .  
No e v a l u a t i o n ,  however, e x i s t s  o f  t h e  uranium reserves i n  t h e  Ohio S h a l e  i n  
n o r t h e a s t e r n  Kentucky, where o u r c r o p s  of  Devonian b l a c k  s h a l e  may b e  c l o s e  
t o  200 f e e t  i n  t h i c k n e s s .  

How does t h e  uranium p o t e n t i a l  of t h e  Ohio S h a l e  i n  Kentucky compare 
w i t h  t h a t  o f  t h e  Ohio 's  e q u i v a l e n t  i n  Tennessee,  t h e  Chat tanooga,  as repor-  
t e d  by Conant and Swanson (1961)?  To answer t h i s  q u e s t i o n ,  101 sanples o f  
Ohio S h a l e  and i t s  e q u i v a l s n t s  from Kentucky, Ohio, Tennessee ,  and Alabama 
were ana lyzed  f o r  uranium ( f i g .  3 ) .  Four teen  of  t h e s e  were c o r e  s a m p l e s ;  
t h e  remainder  were f r o n  o u t c r o p s  of Devonian S h a l e  (Appendix 2 ) .  

The amount of  u r a n i u n  was determined  by f l u o r i s e t r i c  a n a l y s i s ,  i n  
which each  sample was d i s s o l v e d  i n  a m i x t u r e  of n i t r i c ,  p e r c h l o r i c  and 
h y d r o f l u o r i c  a c i d s  and t h e n  mixed w i t h  aluminum n i t r a t e .  To t h i s  m i x t u r e ,  
e t h y l  acetate was added, which extracts  uranium. E v a p o r a t i o n  o f  t h e  e t h y l  
a c e t a t e  l a y e r  and a d d i t i o n  of f l u x  fo l lowed by h e a t i n g  produced a p e l l e t  
o f  sarnple whose f l u o r e s c e n c e  w a s  measured w i t h  a f l u o r i m e t e t .  From f l u o -  
r e s c e n c e  measurements, t h e  amount of  U3O8 (pprn) w a s  c a l c u l a t e d  for each 

- sample.  
. .  

The amount of uranium r a n g e s  from 1 t o  106 ppm ( f i g .  15 and Appendix 
2) and v a r i e s  g e o g r a p h i c a l l y  ( f i g .  1 6 ) .  Such v a r i a t i o n  is i n  agreement 
w i t h  r e s u l t s  of  Conant and Swanson (1961) and Breger  and Brown (1963) ,  who 
both  show a d e c r e a s e  i n  uranium c o n t e n t  northward from Tennessee.  
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* FIGURE 15. --Cumulative curve  and histogram of uranium content of 103 samples 
of Devonian-Mississippian black shale from Ohio, Kentucky, 
Tennessee, and Alabama. 
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FIGURE 16. --Variation of uranium con ten t  of  Devonian-Mississippian b l ack  
s h a l e s  w i t h  p o s i t i o n  i n  bas in .  Samples from t h e  southwestern 
po r t ion  of  t he  Appalachian Basin con ta in  more uranium' than  
those  from t h e  c e n t r a l  p o r t i o n  of t h e  b a s i n ,  a phenomenon 
probably r e l a t e d  t o  the  t o t a l  amount of and t h e  type  of organic  
matter i n  t h e s e  b lack  s h a l e s .  Organic geochemical ana lyses  t o  
determine t h e  p r e c i s e  r e l a t i o n s h i p  Setween uranium and o rgan ic  
ma t t e r  a re  c u r r e n t l y  i n  progress .  
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Two i m p o r t a n t  q u e s t i o n s  are s u g g e s t e d  by f i g u r e s  15 and 16 .  F i r s t ,  
w h a t  s o r t  o f  v a r i a t i o n  i n  uranium c o n t e n t  is  t h e r e  v e r t i c a l l y  th roughou t  
t h e  s e v e n  u n i t s  o f  t h e  Ohio S h a l e  i n  Kentucky? 
f o r  r e g i o n a l  and s t r a t i g r a p h i c  v a r i a t i o n s  i n  uranium c o n t e n t ?  

And, w h a t  are  t h e  r e a s o n s  

For t h e  C leve land  S h a l e ,  Three  L ick  Bed, and t h e  t o t a l  Huron S h a l e  o f  
t h e  Ohio S h a l e  i n  Kentucky, t h e  a v e r a g e  amount o f  uranium p e r  u n i t  is a b o u t  
30 ppm (Tab le  31, w i t h  t h e  e x c e p t i o n  o f  t h e  T h r e e  L i c k  Bed, which c o n t a i n s  
o n l y  15 ppm. Average uranium c o n t e n t  f o r  a l l  s amples  from t h e  C l e v e l a n d ,  
Three  Lick, and Huron is 27.7 ppm. The Olentangy and N a r c e l l u s  ( ? )  S h a l e s  
a re  exc luded  from T a b l e  3 b e c a u s e  o f  t h e  low ( t y p i c a l l y  less t h a n  1 0  ppm) 
uranium c o n t e n t  of  t h e  Olentangy and l a c k  o f  s amples  from b o t h  u n i t s  -- 
t h e y  r a r e l y  o c c u r  a t  t h e  s u r f a c e .  The g r e a t e s t  r a n g e  i n  v a l u e s  from a 
s i n g l e  u n i t ,  67 ppm, o c c u r s  i n  t h e  Lower Huron S h a l e  (Tab le  3 ) .  I n  g e n e r a l ,  
uranium c o n t e n t  v a r i e s  l i t t l e  from one  s t r a t i g r a p h i c  u n i t  t o  t h e  n e x t ,  
p rov ided  l i t h o l o g i e s  of  each  u n i t  are  similar.  

An i l l u s t r a t i o n  o f  t h e  e f f e c t  o f  l i t h o l o g y  on uranium c o n t e n t  i s  s e e n  
i n  t h e  T h r e e  L i c k  Bed. The l o w  a v e r a g e  uranium c o n t e n t  o f  t h i s  u n i c  c a n  
be a t t r i b u t e d  t o  t h e  r e l a t i v e  abundance o f  g r e e n i s h - g r a y ,  o rgan ic -poor  
s h a l e  i n  i t  ( f i g .  7 an6 T a b l e  l ) ,  b u t  b l a c k ,  o r g a n i c - r i c h  s h a l e  from t h i s  
u n i t  c o n t a i n s  abou t  t h e  same amount o f  uranium as t h o s e  u n i t s  c o n t a i n i n g  
abundant  b l a c k  s h a l e  (Appendix 2 ,  samples  19899 and 19903) .  

The t o t a l .  tonnage of  uranium p e r  u n i t  f o r  t h e  C leve land  S h a l e ,  Three 
L ick  Bed, and t o t a l  Huron S h a l e  of  t h e  Ohio S h a l e  w a s  c a l c u l a t e d ,  u s i n g  
the v a l u e s  of uranium i n  T a b l e  3 .  For Kentucky eas t  of l o n g i t u d e  84" 20 '  
west, t h e  volume o f  r o c k  i n  e a c h  u n i t  w a s  o b t a i n e d  from i s o p a c h  maps o f  
t h e s e  u n i t s  ( f i g s .  8 th rough  12) by f i n d i n g  t h e  area between each c o n t o u r  
l i n e  w i t h  a p l a n i m e t e r  and m u l t i p l y i n g  t h a t  area by t h e  a v e r a g e  t h i c k n e s s  
of  t h e  c o n t o u r  i n t e r v a l .  

Because t h e  c o n c e n t r a t i o n  o f  uranium i n  each u n i t  is n e a r l y  e q u a l ,  t h e  
t h i c k e r  u n i t s  ( C l e v e l a n d ,  Middle and Lower Huron) o b v i o u s l y  c o n s t i t u t e  t h e  
g r e a t e s t  s o u r c e  of  uranium. The t o t a l  amount of uranium c o n t a i n e d  i n  t h e  
uppermost f i v e  u n i t s  of t h e . O h i o  S h a l e  i n  e a s t e r n  Kentucky i s  e s t i m a t e d  t o  
be 6.28 x 10 l2  t o n s  ( T a b l e  3 ) .  I n  comparison,  t h e  Gassaway member o f  t h e  
Chat tanooga S h a l e  i n  e a s t e r n  Tennessee ,  whose a v e r a g e  t h i c k n e s s  i s  o n l y  1 5  
f e e t ,  c o n t a i n s  abou t  4.5  x lo6 t o n s  o f  uranium (Conant and Swanson, 1 9 6 1 ,  
p .  7 6 ) .  

As a f u r t h e r  i l l u s t r a t i o n  of  t h e  e f f e c t  o f  s t r a t i g r a p h i c  t h i c k n e s s  on 
uranium reserves, t h e  tonnage  of U308 p e r  s q u a r e  m i l e  w a s  computed f o r  
s h a l e  sampled from o u t c r o p s  and c o r e  r a n g i n g  from l e s s  t h a n  20 f e e t  t o  o v e r  
300 f e e t  i n  t h i c k n e s s  ( f i g .  1 7 ) .  Tonnage of uranium was c a l c u l a t e d  f o r  t h e  
e n t i r e  Ohio (Chat tanooga)  S h a l e  b u t  n o t  f o r  i n d i v i d u a l  s t r a t i g r a p h i c  sub- 
u n i t s .  For  s amples  from d i f f e r e n t  b u t  nea rby  o u t c r o p s  h a v i n g  t h e  same 
t h i c k n e s s ,  uranium c o n c e n t r a t i o n  w a s  ave raged  t o  o b t a i n  a s i n g l e ,  repre- 
s e n t a t i v e  v a l u e .  
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1 9  - 48 

S.D. = 11.1 

- 
115 

7 - 74 
S . D .  = 17.5  1 8 2 . 5  

TABLE 3. -- Average uranium content  and t o t a l  amount of uranium p e r  u n i t  - 
f o r  t h e  Ohio Shale i n  eastern KentuckyL 

Range i n  Volume 
Uranium Content 

Shale 
A r i t h n e t i c  Average 

Uranium Content 
(PPd 

T o t a l  Uranium 
per  Unit  

( t ons  x 1012) 
Sanplc 

S i z e  UX IT 

28.9 

2 6 . 4  

CLEVELAND 

SHALE 10 1.23 

6 - 28 I -  THREE L I C K  

BED. 

1 5 . 2  

58.0 S.D. = 9 . 7  0.65 6 

31.0 

t6.1 

UPPER HURON 

SHALE 

26 - 36 
S.D. = 5 .2  0.90 4 

X I D D L E  HURON 

SHALE 

30.5 

212.2 

6 - 47 
146.2 S.D. = 14.8 6 1.56 

~ 

10 

LOWER HURON 

SHALE 
31.1 

210.1 1.95 

T o t a l  Uranium 
i n  Ohio Sha le  6.28 

1 A Tons of uranium were c a l c u l a t e d  us ing  a d e n s i t y  of 2 . 3  f o r  t h e  s h a l e .  
Confidence l i m i t s  f o r  average uranium con ten t  are 90 pe rcen t .  
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F I G U E  1 7 .  --Variatior- cf u ran ium t a n n a g e  p s i  u n i t  a r e a  i n  Devonian- 
N i s s i s s i p p i a r  b l a c k  shales w i t h  p o s i t i o n  i n  b a s i n .  
s h a l e  from t h e  s o u t h v e s t e r n  p o r t i o n  of t h e  s t u d y  area c o n t a i n s  
up t o  106 ppm U3O3 ( s e e  E i g u r e  16), i t s  t h i n n e s s  r e s u l t s  i n  a 
low tonnage o f  uranium p e r  s q u a r e  m i l e .  
exceeds  100 fcet, t h e  ainount of  u r a n i u a  p e r  u n i t  a r e a  i n c r e a s e s  
g r e a t l y ,  r e a c h i n g  a maximum of s l i g h t l y  cgre t h a n  15,000 t o n s  
per  s q u a r e  m i l e  i n  s o u t h e r n  Ohio ,  v h e r e  a v e r a g e  uranium c o n t e n t  
of i n d i v i d u a l  sarples  is  o n l y  25 ppm. 

Although 

Lrn2re outcro:, t h i c k n e s s  
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Although t h e  Chat tanooga S h a l e  i n  s o u t h e r n  Tennessee and n o r t h e r n  
Alabama c o n t a i n s  from 70 t o  100 ppn U3Og ( f i g .  16), i t s  t h i n n e s s  c o n t r i -  
b u t e s  t o  i t s  r e l a t i v e l y  low tonnage o f  uranium p e r  u n i t  area,  g e n e r a l l y  
less t h a n  3,000 t o n s  p e r  s q u a r e  m i l e  ( f i g .  1 7 ) .  I n  n o r t h e r n  Kentucky and 
s o u t h e r n  Ohio, however,  t h e  amount o f  uranium p e r  s q u a r e  m i l e  i n c r e a s e s  t o  
a maximum of abou t  15,000 tons p e r  square m i l e  ( f i g .  1 7 ) ,  more t h a n  f i v e  
times as much uranium as c o n t a i n e d  i n  t h i n  e x p o s u r e s  t o  t h e  s o u t h .  The 
u n u s u a l l y  t h i c k  e x p o s u r e  of Ohio S h a l e  a t  Mountain Branch i n  e a s t e r n  
Kentucky (Appendix 1, s e c t i o n  10) is  e s t i m a t e d  t o  c o n t a i n  o v e r  13,000 t o n s  
of  uranium per s q u a r e  m i l e  even though no s a m p l e s  from t h a t  o u t c r o p  c o n t a i n  
more than  20 ppm U308. Thus, b o t h  t h i c k n e s s  and uranium c o n c e n t r a t i o n  must 
b e  c o n s i d e r e d  t o  make a p r o p e r  e v a l u a t i o n  of  uranium reserves f o r  t h e  
pevon ian -Miss i s s ipp ian  s h a l e s  i n  t h e  c e n t r a l  Appalachian Basin.  And 
c l e a r l y ,  p e r  s q u a r e  m i l e  of s u r f a c e  area e i t h e r  s t r ip -mined  or mined by 
some method o f  underground l e a c h i n g ,  e a s t e r n  Kentucky is  s u p e r i o r  t o  
Tennessee.  

Wnat s t r a t i g r a p h i c  and r e g i o n a l  t r e n d s  a re  s u g g e s t e d  by t h e  d a t a  i n .  
Tab le  3 and f i g u r e s  1 6  and 1 7 ?  F i r s t ,  f o r  t h e  Ohio S h a l e  i n  Kentucky, 
t h e r e  i s  l i t t l e  v a r i a t i o n  i n  a v e r a g e  Granium c o n t e n t  between e a c h  s t i a t i -  
g r a p h i c  s u b u n i t .  The h i g h e s t  amounts o f  uranium a re  found i n  t h e  Lower 
Huron S h a l e ,  l o w  i n  t h e  s e c t i o n .  It i s  21so t h i s  i n t e r v a l  on gamma-ray 
c u r v e s  which is  most r a d i o a c t i v e .  Conant and Swanson (1961) ,  however, 
found t h a t  t h e  uppe r  h a l f  of t h e  Chat tanooga S h a l e  i n  Tennessee w a s  more 
u r a n i f e r o u s  thari t h e  lower.  

Secondly,  a l t h o u g h  t h e  Ohio S h a l e  i n  Kentucky i s  much t h i c k e r  t h a n  i t s  
p a r t i a l  e q u i v a l e n t  Ln Tennessee ( t h e  Gassaway member), i t  i s  less r i c h  i n  
uranium, t h e  a v e r a g e  c c n t e n t  b e i n g  30 ppm. A t y p i c a l  sample from t h e  
Gassaway member c o n t a i n s  60 porn (Conant and Swanson, 1961,  p .  7 1 ) .  T h i s  
d e c r e a s e  i n  ura-nium c o n t e n t  northword a l o n g  t h e  o u t c r o p  from Tennessee i s  
i l l u s t r a t e d  i n  f i g u r e  1 6 .  A s  o u t c r o p  t h i c k n e s s  i n c r e a s e s  i n  t h e  same 
d i r e c t i o n ,  however, t h e  amount of uranium p e r  s q u a r e  m i l e  also i n c r e a s e s  
f r o m  less than  1,500 t o n s  ?er  s q u a r e  m i l e  t o  o v e r  15,000 t o n s  p e r  s q u a r e  
m i l e  ( f i g .  1 7 ) .  

F i n a l l y ,  t h e  amount of  u r a n i u a  v a r i e s  w i t h  l i t h o l o g y  a c r o s s  t h e  
c e n t r a l  Appalachian Bas in  i n  Kentucky. Samples from t h e  measured s e c t i o n  
a t  Kountain Branch i n  P i k e  County, Kentucky ( f i g .  2 ;  Appendix 1, s e c t i o n  
10) c o n s i s t e d  of g r e e n i s h  s h a l e s  and t h i n  s i l t s t o n e  beds ,  i n  a d d i t i o n  t o  
b l a c k ,  o r g a n i c - r i c h  s h a l e s .  These samples  c o n t a i n e d  s i g n i f i c a n t l y  l e s s  
uranium t h a n  samples  from o u t c r o p s  a l o n g  t h e  w e s t e r n  edge of the b a s i n  
( f i g .  16;  Appendix 2, samples  19906-19920). Fu r the rmore ,  even t h e  d a r k  
s h a l e s  from Mountain Branch,  u n l i k e  t h o s e  from o u t c r o p s  t o  t h e  w e s t  and 
n o r t h ,  c o n t a i n e d  no more t h a n  18 ppm o f  uranium. S i m i l a r l y ,  Conant and 
Ssranson (1961) n o t e d  t h a t  g r a y  s h a l e s  and s a n d s t o n e  in t h e  Chat tanooga 
S h a l e  o f  Tennessee had t h e  least  uranium, w h i l e  b l a c k  s h a l e s  had t h e  most. . .  
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DEPOSITION OF BLACK SHALE A N D  THE 

As shown ea r l i e r ,  l i t h o l o g y  and p o s i t i o n  w i t h i n  t h e  b a s i n  i n f l u e n c e  
the  amount o f  uranium i n  t h e  Upper Devonian b l a c k  s h a l e  o f  t h e  c c n t r z l  
Appalachian Basin.  L i t h o l o g y ,  i n  t u r n ,  i s  p a r t l y  c o n t r o l l e d  by d e p o s i t i o n a l  
environment ,  w h i l e  p o s i t i o n  w i t h i n  t h e  b a s i n  can b e  3 d i r e c t  i n d i c a t i o n  of 
d e p o s i t i o n a l  environment .  What was t h e r e  abou t  t h e  cnvironrnent i n  which 
b l a c k ,  o r g a n i c - r i c h  muds accumulated d u r i n g  L a t e  Devonian time t h a t  would 
a l s o  favor t h e  accumula t ion  of g r e a t e r  t h a n  normal amounts of uranium? 
Because uranium is  most abundant  i n  t h o s e  s h a l e s  r i c h  i n  o r g a n i c  matter, 
t h e  f i rs t  s t e p  i s  t o  d e t e r m i n e  t h e  r e a s o n s  f o r  accumula t ion  of  o r g a n i c  
matter i n  t h e  Upper  Devonian s h a l e  sequence.  

The two most i m p o r t a n t  f a c t o r s  c o n t r o l l i n g  t h e  p r e s e n c e  of  o r g a n i c  
matter i n  s e d i m e n t s  -- b e  they  s a n d s ,  s i l t s ,  o r  muds -- a re  p r o d u c t i o n  and 
p r e s e r v a t i o n  of  abundant  o r g a n i c  matter. Organic  m a t t e r ,  r e p r e s e n t e d  s i m p l y  
as ca rbon ,  may be  c a r r i e d  i n t o  t h e  b a s i n  by s t r e a m s .  Added t o  t h i s  t e r res -  
t r i a l  s u p p l y  i s  o r g a n i c  matter produced by d e a t h  of  n a r i n e  p l a n t s  and 
an ima l s  and b a c t e r i a  w i t h i n  t h e  b a s i n .  

Organ ic - r i ch  s e d i m e n t s ,  however, depend -on more -Khan p r o d u c t i o n  of  
o r g a n i c  matter.  Organ ic  matter m u s t  a l s o  b e  p r e s e r v e d ,  g e n e r a l l y  by 
c e r t a i n  chemica l  and p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  r;a:er mass which 
p reven t  d e s t r u c t i o n  o f  o r g a n i c  material. 
d e n s i t y  s t r a t i f i c a t i o n .  Such a s t r a t i f i c a t i o n  weakens c i r c u l a t i o n ,  
e s p e c i a l l y  t h e  exchange o f  oxygen, a n d ,  i n  t u r n ,  i n h i b i t s  o x i d a t i o n  of 

. o r g a n i c  matter and c rea tes  i n  t h e  water mass c o n d i t i o n s  u n f a v o r a b l e  or even 
t o x i c  t o  mar ine  l i f e .  I n  a d d i t i o n ,  t h e  amount of c l a a t i c  s e d i m e n t s  e n t e r -  
i i g  t h e  b a s i n  must b e  r e l a t i v e l y  low t o  p r e v e n t  d i l u t i o n  of o r g a n i c  mat ter  
b y  mud, s i l t ,  o r  sand .  For t h e  Ohio S h a l e  and i t s  e q u i v a l e n t s ,  c l a s t i c  
i n p u t  c o n s i s t e d  a l m o s t  e x c l u s i v e l y  o f  f i n e - g r a i n e d  s e d i m e n t s ,  s u g g e s t i n g  
t h a t  d e p o s i t i o n  o c c u r r e d  far  from areas t h a t  cou ld  c o c t r i b u t e  c o a r s e -  
g ra ined  d e t r i t u s .  

The water mass m u s t  a l s o  have a 

The a s s o c i a t i o n  of uranium and o r g a n i c  matter i~ s h a l e s  h a s  been n o t e d  
i n  many s t u d i e s  (Brown, 1956, p. $61; Swanson, 1956 ,  p .  5 5 4 ,  19602,  pp. 78, 
8 6 ,  1960b, f i 3 .  2; K e p f e r l e ,  1959, p .  602; Conant a n d  Swanson, 1961, p .  73;  
Breger  and Brown, 1963,  p .  753) .  In f a c t ,  o r g a n i c  matter i s  g e n e r a l l y  
b e l i e v e d  t o  complex and r e t a i n  uranium -- c a r r i e d  to d e p o s i t i o n a l  s i t e s  by 
s t r e a m s  or  e x i s t i n g  as a normal c o n s t i t u e n t  of  seaw;ter -- from sea water 
(Conant,  1956,  p .  466; Brege r  and Brown, 1963,  pp. 752, 7 5 4 ) .  V a r i a t i o n s  
in uranium c o n t e n t  v e r t i c a l l y  th roughou t  t h e  Ohio S h a l e  s e c t i o n ,  as  d i s -  
cussed e a r l i e r ,  a r s  l i k e l y  r e l a t e d  t o  l i t h o l o g y ,  e spec ia l ly  t h e  p r o p o r t i o n  
o f  o r g a n i c  matter t o  d e t r i t a l  matter. The r e l a t i o n s h i p  o f  l i t h o l o g y  
( i n c l u d i n g  o r g a n i c  c o s p o n e n t s )  t o  uranium s u g g e s t s  t h a t  c e r t a i n  sedimento-  
l o g i c a l  p r o c e s s e s ,  i n  p a r t ,  s h o u l d  govern t h e  c o n c e n t r a t i o n  of uranium i n  
a sediment  much as t h e y  govern r o c k  t y p e .  

What s e d i m e n t o l o g i c a l  p r o c e s s e s  were o p e r a t i n g  l u r i n g  d e p o s i t i o n  of 
rlle Ohio S h a l e ?  I n  o t h e r  words,  what was t h e  d e p o s i t i o n a l  environment  of 
these b l a c k ,  o r g a n i c - r i c h  s h a l e s  o f  t h e  U p p e r  Devonian? 
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FIG
URE 18. --Schematic diagram of modern and ancient environments in which black mud 

is 
accumulating. 

(Ancient environments shown in lower case letters.) 
The Ohio 

Shale and 
its equivalents probably were deposited in environments similar to 

the Baltic Sea and 
the Geneseo Shale, with water depths ranging from less than 

100 feet to several hundred 
feet. 
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In attempting to answer those questions, one immediately faces t w o  
additional questions: 
and (2)  where else are black shales of Devonian o r  other ages found? This 
approach to interpreting depositional environment f o r  the Ohio Snale is 
necessary largely because of lack of features such as sedimentary structures 
and vertical sequences which usually help to identify depositional settings. 

(1) is there a modern analogue for the Ohio Shale? 

Modern environments where black mud is accumulating were discussed by 
Strom (1939) and Twenhofel (1939). These authors, through exaroples, showed 
that black muds may be deposited under marine and non-marine conditions, 
from very shallow (a few feet) to abyssal depths, in small restricted bays 
o r  over large areas ( f i g .  18). Thus, there is a wide range of modern 
environments which may represent the type of sedimentation which occurred 
in the central Appalachian Basin during Late Devonian tine. 

One modern depositional setting for Devonian-Mississippian black shale, 
as suggested by Breger and Brown (1963, p. 745), are salt marshes along the 
Gulf Coast of Louisiana, where organic matter is abundant and current action 
is not particularly vigorous. 
tions characterized deposition of the Chattanooga Shale over much of 
Tennessee. A second modern environment where black mud is being deposited 
(fig. 18) occurs along the eastern Baltic Sea (Twenhofel, 1939). This 
environment, however, is generally much like that found along the Louisiana 
coast, and both of them, therefore, are possible modern analogues for the 
Chattanooga and Ohio Shales. 

These authors maintain that'similar condi- 

In comparing ssdimentation along these modern coastal regions with 
that which occurred during Late Devonian-Early Nississippian time in the 
western, central, and southern Appalachian Basin, two,differences stand out. 
First, the area occupied by modern salt marshes is far less than that where 
Devonian-Mississippian black shale is known to occur in North America, 
estimated to be over 500,000 square miles. In the Appalachian Basin alone, 
black shale of Devonian-Hississippian age extends from New York to Alabama 
(Conant and Swanson, 1961, p l .  14). Secondly, water depths along the Gulf 
or Baltic coastal areas do not have as great a range as tiater depths for . 
Devonian-Mississippian black shale, which probably attained a maximum of a 
few hundred feet in western Kew York State as inferred from the association 
of black shale and prodeltaic siltstone and shale (Rickard, 1964; Sutton, 
1963, fig. 2, pp. 96-97; Sutton, Bowen, and McAlester, 1970, fig. 7 ) .  

Neither of these differences between modern and ancient settings of 
black shale deposition is significant enough to invalidate the analogy of 
modern coastal areas to Devonian-Hississippian sedimentation in the 
Appalachian Basin. Such differences sinply mean that, in the late Paleo- 
zoic, the areal extent of black mud accumulation was far greater than in 
any modern areas receiving similar sediments. Differences in water depth 
are not critical, provided conditions for production and preservation of 
organic matter are met. Lineback (1968, p. 1301), for example, suggests 
that a dense, floating mat of algal material could have simultaneously 
been the source of organic matter in the Hew Albany Shale of Indiana and 
the means f o r  restricting circulation, producing an environment favorable 
to the preservation of organic matter. 
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I n  de te rmining  a s u i t a b l e  modern ana logue  for t h e  Ohio S h a l e ,  one  must 
. a l s o  c o n s i d e r  t h e  r e g i o n a l  e q u i v a l e n t s  o f  t h e  Ohio S h a l e  i n  t h e  Appalachian  

Basin.  I n  t h e  e a s t e r n  h a l f  of t h e  Appalachian Bas in ,  Upper Devonian rocks 
c o n s i s t  p r i m a r i l y  Of  s a n d s t o n e  and s i l t s t o n e  d e p o s i t e d  i n  a complex d e l t a i c  

* environment (Dennison, 1971, p. 1191) .  Although b l a c k ,  o r g a n i c - r i c h  s h a l e  
i s  g e n e r a l l y  c o n f i n e d  to t h e  w e s t e r n  p o r t i o n  of t h e  b a s i n ,  t h i n  tongues  of 
b l a c k  s h a l e  (e .g . ,  Geneseo S h a l e ,  f i g .  18) ex tend  eas tward ,  where t h e y  a r e  

(Rickard,  1964; S u t t o n ,  1963, fig. 2,-Dp. 96-97; S u t t o n ,  Boven, and 
NcAlester ,  1970, f i g .  7) and w i t h i n  l i g h t e r - c o l o r e d  s h a l e  and mudstone 
(Lewis and S c h w i e t e r i n g ,  1971, f i g s .  2 ,  4 . b ) .  The widespread d i s t r i b u t i o n  
of b l a c k  s h a l e  t h e  same a g e  as t h e  Ohio S h a l e ,  e x t e n d i n g  i n  t h e  Appalachian  
Basin from New York t o  Alabama (Conant and Swanson, 1961,  p l .  14) s u g g e s t s  
t h a t  p r o d e l t a i c  s i l t s t o n e  and mudstone such  as observed i n  o u t c r o p  i n  New 
York may a l s o  occur  i n  t h e  s u b s u r f a c e  o f  P e n n s y l v a c i a ,  West V i r g i n i a ,  and 
o t h e r  s ta tes  t o  t h e  s o u t h .  
s h a l e s  i n  New York (Table  4 1 ,  however, e x i s t s .  

. . conta ined  w i t h i n  p r o d e l t a i c  ( s l o p e  and b.zsin) s i l t s t o n e  and mudstone 

No modern anillogue f o r  t h e  Geneseo and re la ted 

Upper  Devonian b l a c k  s h a l e  is n o t  l i m i t e d  t o  t h e  Appalachian B a s i n ,  
b u t  has  been r e p o r t e d  from b a s i n s  l y i n g  f a r  t o  t h e  w e s t  and t o  t h e  n o r t h .  
Noreover,  b l a c k  s h a l e  i s  n o t  e x c l u s i v e l y  c h a r a c t e r i s t i c  of Nor th  American 
L'pper Devonian sequences ,  b u t  a l s o  o c c u r s  on t h r e e  other c o n t i n e n t s :  
South America, A f r i c a ,  and Europe (Table  4 ) .  C o n s i d e r i n g  t h e  widespread  
geographic  o c c u r r e n c e  of Upper Devonian b l a c k  s h a l e ,  i t  is r e a s o n a b l e  t o  
expec t  t h a t  t h e s e  s h z l e s  inay r e p r e s e n t  Eore t h a n  one d e p o s i t i o n a l  envi ron-  
ment, i n c l u d i n g  p r o d e l t a  ( T a b l e  4 ,  Dunkirk and o t h e r  s h a l e s ) ;  s h a l l o w  
e p i c o n t i n e n t a l  sea (Conant and Swanson, 1961; t i n e b a c k ,  1968); lagoon 
(Table  4 ;  MacQueen and Sandberg,  1970) ;  d e e p  b a s i n  (Table  4 ;  Ludwig, 
Schmitz ,  and Mayer, 1 9 6 8 ) ;  and b a s i n s  a d j a c e n t  t o  r e e f s  ( T a b l e  4 ;  Krebs ,  
1969) .  U n f o r t u n a t e l y ,  l i t t l e  i s  known about  d e p o s i t i o n a l  s e t t i n g  of b l a c k  
s h a l e  o u t s i d e  of North America. 

In t h e  a r e a  s t u d i e d ,  d e p o s i t i o n  of t h e  Ohio S h a l e  probably  o c c u r r e d  
i n  a s h a l l o w  e p i c o n t i n e n t a l  sea which l a y  to t h e  w e s t  of p r o g r a d i n g  d e l t a  
s y s t e m s  o r i g i n a t i n g  i n  New York, Pennsylvania ,  and V i r g i n i a  (Dennison,  
1 9 7 1 ,  p .  1189) .  Water d e p t h s  could  have ranged from s e v e r a l  t e n s  of f e e t  
a long  t h e  western margin of  t h e  Appalachian B a s i n  where t h e  C i n c i n n a Z i  
Arch i n f l u e n c e d  s e d i m e n t a t i o n  (Lewis and S c h w i e t e r i n g ,  1971,  p .  3 4 8 2 )  t o  
a few hundred f e e t  where b l a c k  s h a l e s  are  a s s o c i a t e d  w i t h  p r o d e l t a i c  t u r -  
b i d i t e s .  
Devonian b l a c k  s h a l e s  i n c l u d e  p r o d u c t i o n  and p r e s e r v a t i o n  of o r g a n i c  
matter,  a s t r a t i f i e d  water mass, and lox c l a s t i c  i n p u t .  P e r i o d i c a l l y ,  
improved c i r c u l a t i o n  and i n c r e a s e d  c l a s t i c  i n p u t  r e s u l t e d  i n  d e p o s i t i o n  of 
greenish-gray ,  organic-poor  s h a l e ,  p o s s i b l y  i n  r e s p o n s e  t o  t u r b i d i t y  
c u r r e n t s  e l s e x h e r e  i n  t h e  b a s i n .  A d e c r e a s e  i n  p r o d u c t i o n  of o r g a n i c  
matter could  a lso b e  a f a c t o r  c o n t r o l l i n g  d e p o s i t i o n  of t h e s e  non-black 
s h a l e s  b u t  i s  n o t  a n e c e s s a r y  assumption.  

Other  r e q u i r e n e n t s  f o r  d e p o s i t i o n  and p r e s e r v a t i o n  of Upper 

For b l a c k  s h a l e s  d e p o s i t e d  i n  t h e  c e n t r a l  Appalachian Basin d u r i n g  
L a t e  Devonian-Early M i s s i s s i p p i a n  t i m e ,  one  of t h e  p r i n c i p a l  f a c t o r s  
c o n t r o l l i n g  t h e  amount of uranium i s  t h e  amount of o r g a n i c  matter.  S h a l e s  
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REFERENCE 

Moose River 
Sanford 

& Norris 
Part of a series of articles on future petroleum provinces 

197 3 
in Canada. 

Here, black shale yields o
il. 

I 

TABLE 4. -- Annotated references to Devonian black shales worldwide, 
with 

formation names and basins in which they occur -- Continued 

~ 
~~ 

Tobosa 

Willis ton 

Great 

PART A: 
NORTH AMERICA -- Continued 

Kottlowski, 1963 
Comprehensive review of Paleozoic and Mesozoic rocks in 
southern New Mexico. 

Describes a facies change within this 
black shale. 

I 

Kents, 1959 
Saskatchewan stratigraphy. 

Shale sequence enclosed between 
two carbonate sequences. 

Many subsurface maps. 
Suggests 

new exploration objectives based on structural features. 

Part of an investigation of source rocks in the Great Basin, 
Utah-Nevada. 

Here, carbonaceous shale intertongues with 
turbidites and debris-flow deposits. 

Some data on organic 
carbon content, sdluble hydrocarbon content, and matdration. 

Sandberg 
& Poole, 1975 

FORMATION 

LONG RAPIDS 
FORMATION 

S H EF F I ELD 
SHALE 

CHATTANOOGA 
SHALE 

WOODFORD 
SHALE 

DOUBLEHORN 

PERCHA 

BAKKEN 
FOREiAT ION 

PILOT 
SHALE 

Forest City 

Salina 

Ouachi t a- 
Arkoma 

(Texas) 

Collinson, 1967 
A regional study of Devonian rocks from Indiana to Nebraska 
by 

a conodont expert, with detailed correlation chart and 
several cross sections. 

~~ 
~ 

Lee, 1956 
Stratigraphic and structural history of this basin by 

a long- 
time student of Kansas geology. 

~~ 

Amsden 
& Others, 1967 

These two papers, by 
a midcontinent 

stratigrapher and a 
Amsden 

& Klapper, 1972 
conodont biostratigrapher, give much stratigraphic data for 
the Oklahoma area. 
basal sandstone to the black shale. 

Interesting discussion of 
n

 producing, 

Cloud 
6 Otlicrs, 1957 

A short account of Dcvonian-Nississippinn 
transitional rocks 

in Texas described 
from thin 

(15 
ft.), 

scattered surface 
exposures near the,Llano Uplift. 

I 
I 
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FORD LAKE 
SHALE 

KAYAK c 
HUNT FORK 
SHALES 

TABLE 4. -- Annotated references to Devonian black shales worldwide, 
with formation names and basins in which they occur -- Continued 

Eagle- 
Kand ik 

North 
Slope 
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: 

NORTH AMERICA -- Continued 
FORMAT ION 

BASIN 

S AF'P INGTON 
Willis ton 

EXSHAW 
SH

A
LE 

I 

Will is ton 

I 
BESA RIVER 

SH
ALE 

Nor theas t 
British 
Columbia 

CANOL 
FORMAT I ON 

Peel- 
And er son 

'ART 
B: 

OTHER CONTINENTS 
SOUTH AMERICA 
Kinco'n Formation 
Tonono Formation 

Salteiio 

REFERENCE 

Gutschick 6 Rodriguez 
Although 

this paper's 
first purpose is to summarize brachio- 

1975 
pod 

faunas of 
the Sappington, it also contains a useful 

stratigraphic column and correlation chart. 
and 

subsurface correlation substantiated by 
fossil data 

demonstrates that dark shale in Sappington is equivalent to 
Exshaw of Alberta. 
stratigraphy and biostratigraphy. 

Regional surface 

Thirty references on northern Rockies 

MacQueen & Sandberg 
Lithology, mineralogy, stratigraphic relations, and bio- 

1970 
stratigraphy of a thin Devonian-Mississippian black shale of 
western Canada. 

Based on 20 measured sections. 
Suggest 

that *deposition occurred in shallow marine, euxinic lagoons. 

Pelzer, 1966 
Predominantly a geochemical study of this British Columbian 
black shale with some stratigraphy and biostrntigraphy. 
Onc of the thickest North American black shales (3,000 feet). 

Bassett, 1961 
One of many papers in a volume of Arctic geology. 

Suggests 
the stratigraphic relations of this unit may be similar to 
those of 

the Exshaw. 

Brabb, 1969 
~ Brief mention of a thick transitional Devonian-Mississippian 
black shale in Alaska. 

Bowsher 
d Dutro 

Two papers containing most of what is known about Paleozoic 
1957 

stratigraphy 
in Alaska's 

Brooks Range. 
Dark shale and 

argillite up to 1,000 feet thick. 

Ningramm 6 Russo 
Lower and Middle Devonian black shales - Upper Devonian rock: 

1972 
are missing here. 

Correlation chart fo
r Argentina, Paraguay, 

and Bolivia. 
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TABLE 4. -- Annotated references to Devonian black shales worldwide, 
with formation names and basins in which they occur -- Continued 

PART 
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OTHER 

CO
NTINENTS -- Continued 

FORM
AT ION 

EURO
PE 

H
rinsrkk 

BKd es heim 
Nehden 

Wissenbach 
Flinz 

Kellwasserkalk 

BA
SIN

 

Variscan 

DOMANIK 
FACIES 

Russian 
Platform 

I 
I 

REFERENCE 

Krebs, 1969 
Many of these German black shales are associated with carbo- 
nate reefs and have limited distribution, while others are 
thin and areally extensive and may represent initial deposit! 
of 

transgressing seas. 

Nalivkin, Rzhonsnitzkaya, 
895 pages on Devonian stratigraphy and paleontology of 

the 
6 Markovskii, 1973 

Soviet Union. 
Two volumes, in Russian. 

This sequence of 
Frasnian bituminous shale and limestone from the area near 
Moscow ranges from 100-300 feet in thickness. 

.
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which were d e p o s i t e d  i n  areas where o r g a n i c  matter w a s  ox id ized  or d i l u t e d  
by c l a s t i c  sed iments  h a v e  low c o n c e n t r a t i o n s  of uranium. Hovever, t h e r e  
must be a n o t h e r  f a c t o r  i n f l u e n c i n g  t h e  amount o f  uranium because even t h e  
o r g a n i c - r i c h  s h a l e s  from e a s t e r n  Kentucky c o n t a i n  less uranium t h a n  s imi la r  
snales from Tennessee.  

The r e l a t i o n s h i p  between t h e  amount of  o r g a n i c  matter and geography 
and uranium c o n t e n t  o f  Devonian b l a c k  s h a l e s  s u g g e s t s  t h r e e  q u e s t i o n s .  
t h e  rate of s e d i m e n t a t i o n  v a r y  throughout  t h e  b a s i n ,  t h u s  a l l o w i n g  more t i m e  
for e x t r a c t i o n  of uranium from seawater by o r g a n i c  matter i n  areas of slow 
s e d i m e n t a t i o n ?  Did more uranium enter t h e  d e p o s i t i o n a l  b a s i n  i n  Tennessee  
t h a n  i n  Ohio and Kentucky because  of  streams c a r r y i n g  h igh  amounts of 
uranium? O r  does t h e  t y p e  of o r g a n i c  matter as w e l l  a s  i t s  a b s o l u t e  amount 
i n f l u e n c e  t h e  c o n c e n t r a t i o n  of uranium i n  Devonian b l a c k  s h a l e s ?  

Did 

To answer t h e s e  q u e s t i o n s ,  t h r e e  t y p e s  of o r g a n i c  geochemical a n a l y s e s  
a re  now b e i n g  done on samples  c o l l e c t e d  for t h i s  r e p o r t :  (1) amount of 
o r g a n i c  carbon;  ( 2 )  amount of e x t r a c t a b l e  o r g a n i c  matter;  and ( 3 )  s t a b l e  
i s o t o p e  r a t i o s  (C12/C13). 
s t a n d i n g  of s e d i m e n t o l o g i c a l  p r o c e s s e s  which c o n t r o l  uranium c o n c e n t r a t i o n .  

These new a n a l y s e s  w i l l  p r o v i d e  a b e t t e r  under- 

F i r s t ,  d e t e r m i n i n g  t h e  amount of  o r g a n i c  carbon and e x t r a c r a b l e  
o r g a n i c s  should show how t h e s e  two v a r i a b l e s  c o r r e l a t e  w i t h  uranium concen- 
t r a t i o n .  I n  a d d i t i o n ,  t h e s e  two v a r i a b l e s  w i l l  p r o v i d e  a b e t t e r  geochemical  
c h a r a c t e r i z a t i o n  of b l a c k  s h a l e ;  i n  t h i s  r e p o r t ,  t h i s  w a s  e s t i m a t e d  by 
l i t h o l o  y ( c o l o r )  and s t r a t i g r a p h y .  Second, s t a b l e  i s o t o p e  r a t i o s  

t e r r e s t r i a l  o r i g i n  (Degens, 1969)  and ,  t h u s ,  s h o u l d  a l l o w  e v a l u a t i o n  of t h e  
i n f l u e n c e  of  t h e  t y p e  o f  o r g a n i c  matter as w e l l  as i t s  a b s o l u t e  amount. 
These r a t i o s  l i k e l y  v a r y  throughout  t h e  b a s i n  w i t h  d e p o s i t i o n a l  s e t t i n g  
and ,  t h e r e f o r e ,  d e t e r m i n a t i o n  of t h e s e  r a t i o s  s h o u l d  improve p r e d i c t i o n  of  
uranium t r e n d s .  F i n a l l y ,  t h e s e  o r g a n i c  geochemical  a n a l y s e s  make i t  p o s s i -  
b l e  t o  compare t h i s  s t u d y  w i i h  o t h e r s  o f  uranium geochemistry.  The r e s u l t s  
of t h e s e  a n a l y s e s ,  as soon as t h e y  a r e  completed,  w i l l  b e  i n c l u d e d  i n  a 
supplement t o  t h i s  r e p o r t .  

(<12/C1 5 ) i n d i c a t e  whether  t h e  o r g a n i c  matter i n  t h e  s h a l e  w a s  of mar ine  o r  

EVALUATION OF PROGRESS I N  THIS A W  OF RESFARCH 

During t h e  p a s t  two y e a r s ,  f o u r  a s p e c t s  of Devonian b l a c k  s h a l e s  of 
t h e  central  Appalachian Bas in  have been i n v e s t i g a t e d :  (1) s t r a t i g r a p h y ,  
(2)  sedimentology,  (3) geochemis t ry  (uranium and o r g a n i c ) ,  and ( 4 )  r e s o u r c e  
p o t e n t i a l  f o r  uranium. The b a s i c  t o o l s  for s t u d y i n g  t h i s  s h a l e  sequence  -- 
i t s  i n t e r n a l  s t r a t i g r a p h y  and l i t h o l o g i c  t y p e s  -- have evolved from r e s e a r c h  
done f o r  t h i s  r e p o r t .  L i t e r a t u r e  s t u d y  of Devonian b l a c k  s h a l e s  worldwide 
h a s  provided  models of  d e p o s i t i o n a l  s e t t i n g s  of  b l a c k  s h a l e  and of  t h e  
o r i g i n  of b l a c k  muds. And, t h e  amount of urznium c o n t a i n e d  i n  Devonian 
b l a c k  s h a l e s  h a s  been e s t i m a t e d  f o r  e a s t e r n  Kentucky. 

More work i s  needed,  however, on t h e  r e l a t i o n s h i p  of o r g a n i c  matter- 
and uranium c o n t e n t ,  p a r t i c u l a r l y  t h e  e f f e c t  o f  t y p e  of o r g a n i c  m a t t e r  on 
uranium enrichment .  Organic  geochemical  a n a l y s e s  a r e  p r e s e n t l y  b e i n g  
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performed on some of t h e  s h a l e  samples used i n  t h i s  r epor t ;  from these ,  w e  
hope t o  d e f i n e  more p r e c i s e l y  t h e  r e l a t i o n s h i p  of uranium and o rgan ic  
matter i n  Devonian b l a c k  sha le s .  I f  Devonian b l a c k  s h a l e s  are t o  be 
exp lo i t ed  f o r  uranium, a d d i t i o n a l ,  more technologica l  ques t ions  of mining 
methods, e x t r a c t i o n ,  and environmental  e f f e c t s  must b e  posed and answered. 
These ques t ions  are  n o t  addressed i n  t h i s  r e p o r t ,  bu t  i t  is suggested t h a t  
r e sea rch  programs be s e t  up t o  i n v e s t i g a t e  problens of u s i n g  t h e  b l ack  s h a l e  
as a source  of uranium. F i n a l l y ,  t h e  i n t e r n a l  s t r a t i g r a p h y  developed for 
t h i s  p o r t i o n  of t h e  Appalachian Basin should be extended t o  t h e  n o r t h  and 
east t o  show b e t t e r  t h e  r e l a t i o n s h i p s  between b l ack  s h a l e  and i t s  equiva- 
l e n t  l i t h o f a c i e s  throughout t h e  bas in .  
t h e s e  r e l a t i o n s h i p s .  

Work is  i n  progress  t o  e s t a b l i s h  
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APPENDIX 1--DESCRIPTIONS OF THE TEX SiE-ASURED SECTIONS 

REPORT 
OF THE O H I O  AND CUfT.LYOOGk SHALES OF THIS 

SECTION 1 

Copperas Mountain S e c t i o n  

N e a r l y  complete  s e c t i o n  o f  Ohio S h a l e  i n  a s p e c t a c u l a r  exposure ,  
where P a i n t  Creek impinges a t  b a s e  of and u n d e r c u t s  Copperas  Flountain i n  
Ross County, Ohio, a p p r o x i m a t e l y  3 . 9  a i r l i n e  n i l e s  east  of B a i n b r i d g e  by 
way of U . S .  Highway 5 0 ,  J o n e s  Levee Road and Storm S t a t i o n  Road, on  t h e  
Morgantown 7 . 5 '  Quadrangle  (1,802,300 f e e t  eas t ,  450,000 f e e t  n o r t h ,  
Ohio c o o r d i n a t e  sys tem,  s o u t h  z o n e ) .  Because of t h e  s t e e p  s l o p e s  and 
c l i f f s ,  w e  could  o n l y  o b t a i n  d e t a i l e d  1i:hologic o b s e r v a t i o n s  a t  cons id-  
erable h a z a r d ;  and,  c o n s e q u e n t l y ,  t h e  s e c t i o n  w a s  d e s c r i b e d  i n  r e c o n n a i s -  
sance o n l y  e x c e p t  for some d e t a i l s  of t h e  Three L i c k  Bed,. However, t h e  
s e c t i o n  is  n o t a b l e  f o r  t h e  o u t s t a n d i n g  exposure  of  t h e  Three  L i c k  Bed, 
which c a n  b e  s e e n  from a f a r  when d r i v i n g  e a s t  on U S .  Highway 50 from 
B a i n b r i d g e ,  and for i t s  unique  system o f  b u t t r e s s e s .  Descr ibed  w i t h  
J a c o b ' s  s t a f f ,  Abney leve l ,  and t a p e  b y  Roy C .  K e p f e r l e ,  J .  Barry  
Maynard, P a u l  Edwin  P o t t e r ,  \*!ayne A.  P r y o r ,  acd Rene Ulmschneider  on 
August 31 and September 8 ,  1976 .  S c i n t i l l o n e t r r  s u r v e r y  was made on 
August 31. 

M i s s i s s i p p i a n :  

T h i c k n e s s  
( f e e t )  

Berea Sands tone  ( i n c o m p l e t e ) :  
6 .  Sands tone ,  w e a t h e r s  y e l l o w i s h  gray and i r o n - s t a i n e d  

and f i n e  i n  d e n s e ,  hard  r e s i s t a n t  beds 0 . 2  t o  0.4 
f o o t  t h i c k ;  s o l e  marks i n c l u d e  grooves and trace 
f o s s i l s .  S l i g h t l y  slumped; caps r i d g e .  . . . . - . . . 2.W 

Bedford S h a l e :  
5 .  S h a l e ,  mainly covered  except  f o r  lower p a r t ,  which i s  

p a r t i a l l y  exposed i n  a s lump s c a r  n e a r  t h e  t o p  of t h e  
c l i f f  a b o u t  100 feet n o r t h  of t h e  t r a i l .  S a n d s t o n e  i n  
f l o a t  i n  slump scar is thin-bedded and r i p p l e d  and h a s  
numerous s o l e  marks as i s  t y p i c a l  of t h e  Bedford;  mud- 
s tone i s  g r e e n i s h  g r a y  w i t h  i r o n - s t a i n e d  siltstone 
c o n c r e t i o n s  n e a r  b a s e .  Sharp b a s a l  c o n t a c t  is  w e l l  
exposed a t  b a s e  of scar but: is  p a r t i a l l y  covered  a t  
the h i g h e s t  p o i n t  of t h e  c l i f f  285 feet above low- 
water P a i n t  Creek. . . . . . . . . . - . . . . . . . . 83.0 

Tot21 M i s s i s s i p p i a n  ( incomple te )  . . . . . . . . 85+ 
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Devonian: 

Ohio S h a l e  ( incomple te )  : 
4 .  S h a l e ,  brownish-5lack and S l o c k y ,  f o r a i n g  a n e a r  

v e r t i c a l ,  jagged  c l i f f  e a s i l y  s e e n  from r i v e r  
. l e v e l .  Sharp  b a s a l  c o n t a c t .  . . . . . . . . . . . .  

T h r e e  L i c k  Bed: 
3 .  Mudstone and s h a l e .  Mudstone is g r e e n i s h  g r a y ,  

w e a t h e r s  soft and c o n t a i n s  = i n o r  p y r i t e .  S h a l e  
is brownish  b l a c k  and forms t h i n  f i s s l e  l e d g e s .  
The mudstone forms t h r e e  prominent  beds ;  t h e  
upper  is 5 . 0  f e e t ,  t h e  middle  is 1.7 f e e t ,  and 
t h e  b a s a l  bed is  4 . 8  feet  t h i c k ;  t h e  upper  i n t e r -  
v e n i n g  b l a c k  s h a l e  i s  4 . 2  f e e t  t h i c k  and s p l i t  by 
a t h i n  cone-in-cone l i m e s t o n e  bed n e a r  i ts  middle ;  
t h e  lower  i n t e r v e n i n g  b l a c k  s h a l e  i s  4.8 f e e t  
t h i c k  and c o n t a i n s  s e v e r a l  t h i m g r e e n i s h - g r z y ' m u d -  
s t o n e b e d s . .  . . . . . . . . . . . . . . . . . . .  

2. 

T o t a l  Three Lick Bed . . . . . . . . . . . . .  

Thickness  
( f e e t )  

65 

20.5 

20.5 - 

S h a l e ,  brownish-black,  w e a t h e r s  t o  v e r y  s t e e p  f l u m e s ,  
many of  which have t h i n ,  n e a r  v e r t i c a l  s p e c t a c u l a r  
b u t t r e s s - l i k e  d i v i d e s .  (We have n o t  s e e n  e r o s i o n a l  
p a t t e r n s  l i k e  t h i s  a l t h o u g h  t h e y  are  r e p o r t e d l y  
common i n  p a r t s  of  Xew York i n  t h e  Upper Devonian 
s h a l e  sequence . )  
v e r t i c a l l y  from t h e  b a s e  of t h e  exposure  t o  a b o u t  140  
f e e t  above P a i n t  Crezk, and t h e n  r i s e  a t  about  a n  
a n g l e  of  30" up t o  t h e  Three  L i c k  Bed. 
b r e a k  i n  s l o p e  t h e r e  is a d i s t i n c t ,  r e g u l a r  banding 
c h a r a c t e r i z e d  by c o u p l e t s  of r e s i s t a n t  and n o n r e s i s t a n t  
s h a l e ;  t h e  l a t t e r  i s  r e c e s s i v e  and accumula tes  a f i n e  
t a l u s  of l i g h t - g r a y  weathered s h a l e  c h i p s .  Two t h i n ,  
e a s i l y  s e e n  cone-in-cone l i m e s t o n e  beds  o c c u r  a t  11 2nd 
41 f e e t  below t h e  b a s e  of t h e  Three  L i c k  Bed; 35 f e e t  
below t h e  Three  L i c k  Bed is  a n o t h e r  less c o n t i n u o u s  
t h i n  cone-in-cone bed of  l i m e s t o n e .  About 65 f e e t  
above P a i n t  Creek are t h r e e  small c o n c r e t i o n s ,  1 t o  3 
f e e t  in s i z e .  Near t h e  r o a d ,  15 t o  25 f e e t  above 
P a i n t  Creek,  is a zone of very l a r g e  d o l o m i t i c  concre-  
t i o n s ,  some of  v h i c h  are hol low and a l l  of which e x h i b i t  
marked d i f f e r e n t i a l  compact ion i n  t h e  s h a l e ;  t h e s e  
c o n c r e t i o n s  r a n g e  i n  size from 1 t o  6 feet. A t h i n ,  
g r e e n i s h - g r a y  mudstone o c c u r s  b e n e a t h  t h i s  zone. 
F o e r s t i a  were observed i n  t h e  f l o a t  n e a r  t h e  b a s e  of  

These b u t t r e s s e s  ex tend  n e a r l y  

Above t h i s  

Some 

t h e  s e c t i o n  . . . . . . . . . . . . . . . . . . . . . .  190 
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Th ickness  
( f e e t )  

Ohio S h a l e  ( c o n t i n u z d ) :  
. . . . . . . . . .  10 1. Covercd t a  105: w a t e r  P a i n t  Creek.  

. . . . . . .  275+ - - T o t a l  C h i 0  S h a l e  i s  apFrox ima te ly  

T o t z l  s e c t i o n  is  approximately 360 f e e t  t h i c k  

SECTION 2 

Tener >fountain S e c t i o n  

Nearly c o n p l e t e  s e c t i o n  of Ohio S h a l e ,  a e d f o r d  S h a l e ,  Berea Sand- 
s t o n e ,  and Sunbury S h a l e  exposed f c r  5.1 m i l e s  i n  r o a d c u t s  a l o n g  b o t h  
s i d e s  of Ohio Highway 32 n e a r  P e e b l e s ,  F r a n k l i n  Toxnsh ic ,  Adams County, 
Ohio. Base of s e c t i o n  i s  on n o r t h w e s t  s i d e  of Chic Highuay 32 a t  i ts  
j u n c t i o n  w i r h  Ohio Highxay 7 3  ( J a y b i r d  q u a d r a n g l e ) ,  vhere lowermost 26.5 
f e e t  were measured and d e s c r i b e d .  Upper  215.9 f e e t  of s e c t i o n  end ing  a t  
t o p  of Ohio S h a l e  w e r e  meesured a l o n g  east si4e o f  Ohio Highway 32 ,  
(By ing ton  q u a d r a n g l e ) .  I n c o z p l e t e  expos'Jres o f  Bedford S h a l e ,  Berea 
Sands tone  and Sunbury S h a l e  on w e s t  s i d e  of Ohio Highway 32 a t  i t s  i n t e r -  
s e c t i o n  w i t h  Union H i l l  Road, 1.15 miles  n o r t h e a s t  ( 3 y i n g t o n  q u a d r a n g l e ) .  
S e c t i o n  measured,  d e s c r i b e d ,  and sampled u s i n g  J a c o b ' s  s t a f f ,  Abney l e v e l ,  
a n e r o i d  b a r o m e t e r ,  and t a p e ,  and i t s  r a d i o a c t i v i t y  p r o f i l e  measured u s i a g  
s c i n t i l l o m e t e r  by R .  C .  K e p f e r l e ,  P .  E .  P o t t e r ,  L icda  J .  Provo, and . 
Tom Yu, J u n e  25  and 2 9 ,  1976 

Th i c knzs s 
(feet) 

M i s s i s s i p p i a n  ( i n c o r p l e t e )  : 

Cuyahoga Formation ( i n c o s p l e t e )  : 
38.  S i l t s t o n e  ( s i n g l e  bed) , ; l e a t h e r s  y e 1  Lovish-gray 

( 5 Y  8/1) ; Zoophycos-Like burrows on C O P ;  l i m o n i t e  
s t a i n  a l o n g  j o i . i t .  Tuo sets of  s o l e  narks a t  
205" and 2 8 0 " ,  x i t h  b l u n t e r  e n d s  toward t h 2 s e  
d i r e c t i o n s .  Massive b e d d i n g ,  p r o b a 5 l y  Ta i n t e r -  
Val of Bouma (1962) .  1.3 . . . . . . . . . . . . . . .  

37. S h a l e ,  g r e e n i s h - g r a y  ( 5 G  6/11,  l o c a l l y  b l a c k i s h -  
red (5R 2 /2 )  t o  g r a y i s h - r e d  ( 5 R  4 / 2 )  h i g h e r  i n  
unit. Rare, p o o r l y  d e f i n e d  s i l t s r c n e  beds ,  o l i v e -  
gray (5Y 4/1) t o  l i gh t -b rowni sh -g ray  (5YR 6/1) 
w i t h  l i m o n i t i c  s t a i n  . . . . . . . . . . . . . . .  26.0 

. . .  27.3+ T o t a l  Cuyahoga Eormation ( i n c o x p l e t e ) .  - - 
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( f e e c )  

35. S i l t s t o n e ,  d a r k - g r a y  ( X 3 )  !,-here c b r k o n a c e c u s ,  
gra",ng co l i g h t - o l i v z - g r a y  (5Y 5 / 1 ) ,  f l z c k s  o r  
c a r b o n s c e c c s  r..a:erial and  w i s p y  d a r k  streaks; 
abundant  L i n y l ~ l a  fragz.,o_ncs. D f s t i a c c ,  irregular 
c m c a c t  i J iCS  l e s s  t h a n  1 c=. of dark sha le ,  l i k e  
m i t  36 vi:h rhin s i l t  l amina6  less c11m 1 m. 
t h i c k  and a f2w L i n g u l a  f r a p e n t s  (sampled). - . 0.05 

3 4 .  Shelo ,  g r z y s k - 5 k c k  ( ? ! 2 ) ,  silty, lc.;nil:atei, pyrite, 
wit5 very  t h i n  lasiaae of silt ofid o r  c::u g r i i i n s  
thick. A t  C O P  of ur,irr i s  a t r a s h y  z o n e  of L i t tgu la  
f r a p e n t s  and c o n o 2 ~ n c . s  ( sa rnpl5d) .  Basal contacc  
sharp. . . . . . . . . . . . . . . . . . . . . . . .  0.05 - i o z a l  Sui tbury  S n a l e  . . . . . . . . . . . . .  15.1 - 

Berea S a r d s  t o n e  : 
33. S a n d s t o n e ,  s i l t y ,  r ie2iurn-light-gray (X6) t o  lighc- 

o l i v e - g r a y  ( 5 Y  0/1) , ~ r e z t h e r s  g r a y i s h - o r a n g e  
( IOYR 7 / 4 )  cc) y e l l o w h h - g r a y  (5Y 8/1); d a r k e r  zones  
n e a r  t o p  a r e  p y r i t i c ;  bed thickness i n c r e a s e s  uprjard 
from 0.7 f o o t  t o  as rruch as 4 f e e t ;  a t  t o p  is a 2-4 
CUI. p y r i t e  bed . . . . . . . . . . . . . . . . . . .  30.5 

32. Salldstoiie and silcy shale  i n  e q u a l  amounts.  Sand- 
sco~icl i s . l i k e  mit  3 3 ,  evcepc beds 9.1-0.2 foot chick .  
Q p e r  bad surr'acrs ars r i p p l e d ;  r i p y l 2  c r e s c s  s t r i k e  
290-3lC)"; w a v r l m g c h  is coifiiionly 10 an.  , wave h e i g n t  
i s  c o z c o n l y  1-2 c m . ;  C i O S S  i aminae  d i p  s o u t h v e s t  i n  
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_ _  
COO-1650-1 
Univ. of  Cincinnati  
Apri l  1975-Dec. 1976 

M i s s i s s i p p i a n  ( c o n t i n u e d ) :  

Berea Sands tone  ( c o n t i z u z d ) :  
l ower  p a r c s  d i  rippied 5eas an2 northeast ir: u p p e r  
p a r t s .  Shale is g r e e - -  I... - - - -??- .  >.. t- -/ (557 E!1) ,  s i l t y .  
C o n t a c t s  s h a r p .  . . . . . . . . . . . . . . . . . .  

T o t a l  Berea Sands tone .  . . . . . . . . . . .  

. .  

T h i c Lm e s s 
( f e e t )  

14.5 - 
45.0 

Bed f o r d  S h a l e  : 
31. S h a l e  (70  p e r c e n t )  ZRC! i n t 2 r b e d d e d  s i l t s t o n e  2r.d 

v e r y  f i n e - g r a i n e d  s a n l s t o x c  ( 3 0  p e r c e n t ) .  S h a l e  i s  
greenish gray (5GY 6/1), S i L i y ,  w i t h  son2 s i l t  l a n i n a e .  
S i l t s t o n e  and s a n d s t o n e  b e d s  a r e  less thar. 1 cm.  t h i c k ,  
uppe r  s u r f  aces r i p p l e d  and b u r r o v s d ;  complex burrow 
s y s t e m  on s o l e s  and l o a d  and f l u t e  c a s t s  ( ? ) .  h o u n t  
of s i l t s t o n e  and s a n d s t o n e  i n c r e a s e s  i n  o v e r l y i n g  u n i t s  
32 and 3 3 .  O f f s e e  a l o n g  basal c o n t a c t  of a e d f o r d  S h a l e  
1 . 1 6  n i l e s  s o u t h  a l o n g  e a s t  s i d e  of  Ohic Iii&hwzy 32 .  . 2 0 . 0  

30. Covered i n t e r v a l  ( t h i c k 7 . o ~ ~  a p p r o c i n a t e )  . . . . . . .  60 

T o t a l  Bedford S h a l e  . . . . . . . . . . . . . .  80 

Devonian: 

Ohio S h a l e  ( i n c o m p l e t e ) :  
. 29. S h a l e ,  da rk -g ray  (S3) to Sro tmish -b lack  (5YR 2 / 1 ) ,  

w e a t h e r s  t o  v e r y  t h i n  l i g h t - g r a y  '(N7) c h i p s ;  b r i z t l e ,  
f i s s i l e ,  s u b c o n c h o i d a l  f r a c t u r e ,  t o u g h  when f r e s h ,  
forms m a s s i v e  faces; nc s i l t ,  p y r i t i c ;  s p o r e s  cotimon 
t h r o u g h o u t  u n i t  and i r . c r e a s e  i n  abundance upward; 
rare  L i n g u l a  n e a r  upp2r c c n c a c t .  U p p e m o s t  0 .1  f s o t  
s e p a r a t e d  from main p a r c  o f  un i t  by 0 .3  f c o t  yelloy..-ish- 
brown ( 1 O Y i i  6 / 4 )  mudsto-e. Sanpied at b a s e  and a t  20 
and 26 f e e t  above base. Con tac t  w i t h  u n d e r l y i n g  u n i t  
is s h a r p  and s l i g h t l y  i r r e g u l a r .  . . . . .  .- . . . . .  61.1 

T h r e e  Lick Bed: 
28. S h a l e ,  da rk -g reen i sh -g ray  ( 5 G Y  4/1) t o  g r e e n i s h - g r a y  

(5GY 6/1), p o o r l y  l a n i n a t c d ,  s o f t ,  n o n - b r i t t l e ,  c l a y e y ;  
l i m o n i t i c  s t a i n  a l o n g  bsdd ing  p l a n e s .  . . . . . . . .  0.3 

27.  S h a l e ,  brownish-black (SYR 2 / 1 ) ,  f i s s i l e ,  b r i t t l e ,  
s l i g h t l y  s i l t y ,  p y r i t i c ;  rare  s p o r e s .  . . . . . . . .  0.2 
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UGR File d300 

Univ. of Cincinnati 
April 1975-Dec. 1976 

COO-1650-1 

Devonian ( c o n t i n c e d ) :  

Ohio S h a l e  ( c o n t i n u e d ) :  

Three  L i c k  Bed (con:inued): 
26. S h a l e ,  dark-greenish-gray  (5GY 4/1) t o  g r e e n i s h -  

g r a y  (5GY 6 /11 ,  likc u n i t ,  2 3 .  Saspled  0.7 f o o t  
below t o p .  . . . . . . . . . . . . . . . . . .  

T'ni c kn es s 
( f e e t )  

, . .  3 . 7  

. . . .  25. S h a l e ,  brownish-black ( 5 Y R  2/11, l i k e  u n i t  27 4 . 3  

2 4 .  S h a l e ,  dark-greenish-gray  (5GY 4/1) t o  g r e e n i s h -  
gray (5GY 6/11,  l i k e  cn i r :  2 8 .  0 . 2  . . . . . . . . . . . . . . . . .  

23. S h a l e ,  brownish-black ( J Y R  2 / 1 ) ,  l i k e  u n i c  2 7 ,  
s l i g h t l y  m c t t l e d .  Sampled a t  b a s e .  . . . . . . . . .  1.1 

2 2 .  S h a l e ,  dark-greenish-gray  (5GY 4 / 1 )  t o  g r e e n i s h -  
g r a y  (5GI' 6 / 1 ) ,  l i k e  u n i t  25;  p o s s i b l e  p y r i r e - f i l l e d  
burrows a l o n g  bedding.  Sampled 0.3 foot above base . 2 . 2  

21 .  S h a l e ,  brobTish-black (5?R 2/1), l i k e  u n i t  2 7 ;  
3 . 0  abundant  s p o r e s  . . . . . . . . . . . . . . . . . . .  

20. S h a l e ,  dark-greenish-gray  ( 5 G Y  4 / 1 )  t o  g r e e n i s h -  
g r a y  (5GY 6/11,  l i k e  u n i t  28 ;  abundant ,  t i n y  f l e c k s  

0.2 of b l a c k  carbonaceous c ~ t t e r .  . . . . . . . . . . . .  
1 9 .  S h a l e ,  b r o m i s h - b l z c k  ( 5 Y R  2 / 1 ) ,  l i k e  u n i t  27; 1 cm. 

c l a y  s h a l e  p a r t i n g  0 . 6  f o o t  above b a s e ;  rare spores. 
1.5 Sampled a t  0.2 f o o t  above b a s e .  . . . . . . . . . . .  

18. S h a l e ,  dark-greenish-grzy  (5GY 4/11 t o  g r e e n i s h -  
g r a y  ( 5 G Y  6 /11 ,  l i k e  unic 1 8 .  Sampled 9.5 f o o t  
above, b a s e .  . . . . . . . . . . . . . . . . . . . . .  4 . 4  

T o t a l  Three  L i c k  Bed . . . . . . . . . . . . .  21.1  
- 
- - 

17. S h a l e ,  dark-gray ( K 3 )  to g r a y i s h - b l a c k  ( X 2 ) ,  weathers  
l i g h t  g r a y  (N7) t o  medium l i g h t  gray (N6) chips, 1-2 
c m ;  f i s s i le ,  b r i t t l e ,  un i form,  s u b c o n c h o i d a l  f r a c t u r e ,  
s i l t y ;  numerous spores n e a r  b a s e ,  d e c r e a s i n g  i n  abun- 
dance upward; abundant  f l e c k s  of b l a c k  carbonaceous 
matter; few p y r i t e  n o d u l e s ,  2-3 CP. ,  f l a t t e n e d  a l o n g  
bedding  p l a n e s  i n  lower 3 f e e t  of u n i t ;  p y r i t i c  zone 9 
f e e t  below t o p ;  two 0.l-fooc t h i c k ,  d i s c o n c i n u o u s  cone- 
in-cone l a y e r s  a t  22 ( s a a p i e d )  and 3 3 . 5  f e e t  below top .  
U n i t  w e a t h e r s  i n  r i b b e d  f a s h i o n  w i t h  r i b s  0.5 foot t h i c k  
s e p a r a t e d  by t a l u s - c o v e r e d  s l o p e s  0 . 2  t o  0.5 fo:t t n i c k .  
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* .  

. . -  

Devonian ( c o n t i n u e d ) :  

16. 

15. 

14. 

13. 

12 * 

11. 

10. 

Ohio S h a l e  ( c o n t i n u e d ) :  

COO-1650-1 
Univ. of Cincinnati 
April 1975-Dec. 1976 

Thickness  
( f e e t )  

Denser, more r e s i s t a n t  bed a t  40 feet  above b a s e .  
Sampled 6 and 4 3  feet  above base . . . . . . . . . .  
S h a l e ,  dark-greenish-gray (5GY 4 / 1 ) ,  t h i n l y  lami- 
n a t e d ,  p o o r l y  f i s s i l e ,  c l a y e y ,  c o h e s i v e .  . . . . . .  
Shale,  dark-gray  ( N 3 ) ,  f i s s i l e ,  b r i t t l e ,  f i n e ;  
rare spores.  . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  dark-greenish-gray  ( 5 G Y  4/1), l i k e  u n i t  1 6 .  . 
S h a l e ,  dark-gray  ( N 3 )  t o  nediu3-dark-grey ( N 4 ) ,  l i k e  
u n i t  15. C o n t a c t  w i t h  u n d e r l y i n g  gray  s h a l e  s h a r p  . 

- 

S h a l e ,  dark-greenish-gray  (5GY 4/1), l i k e  u n i t  1 6 .  . 
S h a l e ,  g r a y i s h - b l a c k  (N2) t o  brownish-black (5YR 2 / 1 1 ,  
w e a t h e r s  t o  t h i n ,  small c h i p s  l e s s  t h a n  1 c m .  i n  
d i a m e t e r ;  l a m i n a t e d  w i t h  laminae  1-2  pa. t h i c k ;  p o o r l y  
f i s s i l e ,  f i n e ,  p y r i t i c ;  s p o r e s  conxon t o  rare. . . .  
S h a l e ,  g reenish-gray  (5GY 6/1) t o  dark-greenish-gray 
(GY 4/1), w e a t h e r s  t o  t h i n ,  f i s s i l e  f l a k e s ;  c l a y e y  
t o  s l i g h t l y  s i l t y ;  t h i n l y  lamina ted  w i t h  laminae  
1-2 mm. t h i c k ;  f l e c k s  of  b l a c k  carbonaceous matter. 
Moderate-brown ( 5 Y R  4 / 4 )  i r o n - o x i d e  s t a i n  a l o n g  
bedding .  I n t e r b e d d e d  w i t h  f i v e  t h i n ,  dark-gray ( N 3 )  
s h a l e  beds  a t  b a s e  and at 0 .45 -0 .50 ,  1.1, 1 . 7 ,  and 
2 . 9  f e e t  above b a s e ;  c o n t a c t s  s h a r p .  U p p e r  2 f e e t  o f  
t h i s  u n i t  does  n o t  have dark-gray s h a l e  i n t e r b e d d e d  
and  i s  s e p a r a t e d  from lower 8 . 4  f e e t  by a 0.6 f o o t  
zone of dark-gray s h a l e  w i t h  a t h i n  ( l e s s  t h a n  5 mm.1 ,  
s i l t y ,  c o n c r e t i o n a r y  p y r i t e  zone. S l i g h t l y  s i d e r i t i c  
c o n c r e t i o n a r y  zones ,  0 .5  f o o t  t h i c k ,  a t  3.0,  4.0-4.5, 
and 7.5-8.0 f e e t  above b a s e ;  b r i t t l e ,  tough,  d e n s e ,  
c o n c h o i d a l  f r a c t u r e ,  weather  d a r k  y e l l o w i s h  orange  . 

(10YR 6/6). 2 cm.-thick cone-in-cone l i n e s t o n e  l a y e r  
7.9 f e e t  above b a s e .  In upper  2 f ee t ,  p y r i t e  n o d u l e s  
are numerous, b o t r y o i d a l ,  t y p i c a l l y  1 -2  cm. and up t o  

96.0 

0.1 

1.5 

0.4  

0.5 

0.4 

1.1 

8 CLC. long; f l a t t e n e d  s l i g h t l y  a l o n g  bedding,  l o n g  axis  
p a r a l l e l s  bedding;  small p y r i t e - f i l l e d  burrows ( ? )  
p a r a l l e l  t o  bedding .  Sharp p l a n a r  c o n t a c t  with under- 
l y i n g  u n i t .  Sampled 3 f e e t  above b a s e  . . . . . . .  11.0 
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LtiX Fi:e 7300 

Univ. o f  Cincinnati 
April lVS-3ec. 1976 

COO-1650-1 

Devonian ( c o n t i n u e d ) :  
Thickness  

Ohio S h a l e  ( c o n t i n u e d ) :  ( f e e t )  
9.  S h a l e ,  brownish-black (5YR 3 / 1 1 ,  s l i g h t l y  s i l t y ,  

t h i c k l y  bedded,  i n  beds  5-6 mm. t h i c k ,  b r e a k s  
a l o n g  bedding  w i t h  subconchoida l  f r a c t u r e ,  b r i t t l e ,  
tough;  0.4 f o o t  below t o p  i s  a p a r t i n g  of g r e e n i s h -  
g r a y  (SGY 6/1) c l a y ;  abundant  f l e c k s  of u n i d e n t i f i -  
a b l e  b l a c k  carbonaceous  d e b r i s ,  no s p o r e s ,  s e l e n i t e  
r o s e t t e s  a l o n g  weathered bedding p l a n e s ;  a b o u t  1.0 
f o o t  below t o p  are  two f ragments  of c o d i f i e d  
C a l l i x y l o n  ( ? )  1.2 f e e t  l o n g  and 0.8 foot wide. . . . 6.0 - 

8. S h a l e ,  g r a y i s h - b l a c k  (K2) t o  b r o w i s h - b l a c k  
(5YR 2/1), w e a t h e r s  t o  t h i n  c h i p s ,  3-4 c m . ,  l i g h t -  
g r a y  ( N 7 )  t o  medium-light-gray (N6) ; f i s s i l e ,  
t h i n l y  l a m i n a t e d ,  b r i t t l e ,  subconchoida l  f r a c t u r e ,  
s l i g h t l y  s i l t y ;  where f r e s h e s t ,  u n i t  w e a t h e r s  i n t o  
subround f ragments  up t o  10 CGI. a c r o s s ;  r a r e  p y r i t e  
n o d u l e s ,  1-2  cr.. i n  diaineter; s l i g h t l y  p i t t e d  s u r f a c e  
on some bedding  p l a n e s .  
l o b a t e ,  e s 7 e c i a l l y  conspicuous  i n  v e a t h e r e d ,  l i g h t e r  
g r a y  c h i p s .  J o i n t s  3 f ee t  a p a r t  s t r i k e  345" and d i p  
67" west .  Sampled 1 f o o t  above b a s e  and a t  t o p  . . . 12.0 

Abundant b l a c k  F o e r s t i a ,  

7. S h a l e ,  brownish-black (5YR 2/1) and o l i v e - b l a c k  
(5Y 2/11,  w e a t h e r s  medium l i g h t  g r a y  (N6) t o  l i g h t  
g r a y  (N7) v i t h  pa le -greenish-ye l low ( 1 O Y  8 /21  i r o n  
s u l f a t e  and dark-ye l lowish-orange  (10YR 6 / 6 )  i r o n -  
o x i d e  c o a t i n g s ;  subconchoida l  f r a c t u r e ,  b r i t t l e ,  dense 
where f r e s h ;  spores a b s e n t  t o  rare.  A l t e r n a t i n g  
massive and f i s s i l e - v e a t h e r i n g  beds i n  0 .5  t o  0.8 
f o o t  c o u p l e t s  g i v e  o u t c r o p  a r i b b e d  appearance ;  t h i n ,  
b r i t t l e  c h i p s  l i t t e r  weathered  s l o p e s ;  s u l p h u r o u s  
water s e e p s  from n e a r  b a s e  of  s e c t i o n  . . . . . . . . 4 . 2  

T o t a l  Ohio S h a l e  i n  s i n g l e  e x p o s u r e  . . . . - - 215+ 

S e c t i o n  t h i c ' m e s s  i n  u n i t s  7 th rough 38 
t o t a l s  a b o u t  383 f e e t .  

O f f s e t  4 . 1  m i l e s  t o  southwes t  on n o r t h  side of Ohio Highway 32 
near i t s  j u n c t i o n  w i t h  Ohio Highway 7 3  f o r  d e s c r i p t i o n  of 
b a s a l  26.5 f e e z  of  s e c t i o n .  

6 .  Covered; poor  e x p o s u r e s  of  t h i s  i n t e r v a l  a l o n g  high-  
way from H a c k l e s h i n  Road t o  Ohio Highway 7 3 ,  n o t  
measured. 
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Univ. of Cincinnat i  
Apr i l  1975-Dec. 1976 

Devonian (continued): 
Thickness 

Ohio Shale (continued): 
5 .  Covered, with gravel cap to top of exposure; not 

included in section. 

4 .  Shale, light-brownish-gray ( 5 Y R  6/1) grading upward 
to greenish-gray (5GY 6/1); Lingula; fish scales ( ? I ;  
burrows filled with greenish-gray clay. . . . . . . .  

3.  Shale, olive-black (5Y 2 / 1 ) ,  weathers light-brownish- 
gray (5YR 6/11, light gray (N7), to yellowish-gray 
(5Y 8/1); silty; pyrite-cemented layer in basal 2 cm. 
and some pyrite as flattened discs 2 cm. in diameter 
along bedding planes; Tasnanites comnon . . . . . . .  

Total lower Ohio Shale (inconplete). . . . . .  
Olentangy Shale(?): 

2 .  Shale, greenish-gray ( 5 G  6/l) to light-bluish-gray 
(5B 7/11; silty, non-calcareous; gray streak. 0.1 
foot thick, approxinately 7 fee: above base; at 
base, 
thick 
fine , 

pyrite layer, coarsely crystalline, 1-2  cm. 
with knobby, irregular upper surface contains 
raunded quartz sand. . . . . . . . . . . . . .  
Total Olentangy Shale . . . . . . . . . . . .  

Unconf orni ty . 
Silurian (incoaplete): 

(feet) 

3.0 

4.5 
7.5 
- 

7 .O 
7 
- 
- - 

Tymochtee Dolomite (incomplete): 
1. Dolomite, yellowish-gray (5Y 7 / 2 ) ,  weathers grayish- 

orange ( 1 0 Y R  7 / 4 )  ; silt-sized grains, uniform; 
irregular bedding; some pyrite nodules, 2-3 cm.; 
calcareous at top . . . . . . . . . . . . . . . . . .  10.0+ 

Total Tymochtee Dolomite (incomplete). . . . .  - 1O.W 

Total thickness of lower part of section . . .  2 4 . 5  

- 
- 

NOTE: Unit 6 (covered interval) is poorly exposed along Ohio Highway 32 
between Ohio Highway 7 3  and the Hackleshin Road. This part of the sec- 
tion in other roadcuts and railroad cuts along Ohio Ilighuay 7 3  and 
Portsmouth Road, southeast of the measured composite section, consists of 
black, fissile shale and greenish-gray shale with large, subrounded 
calcareous concretions as large as 2 feet in diameter. The thickness of 
this interval is not known, but Calvert (1968) indicates that the Ohio 
Shale in this area is nearly 300 feet thick; thus, as much as 76 feet of 
section may be missing from this description. 
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2GR F i l e  ~ 3 0 0  

rh iv .  of Cincinnati 
April 1975-Dec. 1976 

COO -1 65 0- 1 

SECTION 3 

TYPE SECTIOK OF THREE L I C K  BED 

I n t e r s t a t e  64 Se:tion Xear Yorehead I n t e r c h a n g e  

Complete s e c t i o n  o f  Scnbury S h a l e ,  Bedford S h a l e ,  and Ohio S h a l e  
exposed i n  t w o  l a rge  r o a d c u t s  a l o n g  I n t e r s t a t e  Highway 6 4 ;  b a s e  o f  
s e c t i o n  is on s o u t h  s i d e  of highway, 1.35 miles e a s t  o f  Bath-Rovan 
County l i n e ,  1,150 f e e t  F.:L s 900 f e e t  KJL Sec.  10-T-71, Rowan County, 
Kentucky (Farmers  q u a d r a n g l e ) ,  a t  b r i d g e  a c r o s s  1-64 a t  west end of 
cut. Upper 83 f ee t  o f  ccnplete s e c t i o n  (units 1 4  - 19) are d e s c r i b e d  
from e x p o s u r e s  on n o r t h  s i d e  of I n t e r s t a t e  Highuay 64, 3.20 miles  eas t  
of Bath-Rowan County l i n e ,  1 , 2 0 0  f e e t  N L  x 550 f e e t  FEL Sec.  5-T-72, 
Rowan County,  Kentucky (Farmers q u a d r a n g l e ) .  Desc r ibed  and measured 
by Linda  J. Provo,  K i c h a e l  D .  Lewan, and R. C .  R e p f e r l e  u s i n g  hand 
l e v e l  and t a p e ,  A p r i l  28 ,  1976. 

M i s s i s s i p p i a n  ( i n c o m p l e t e ) :  ( f e e t )  
Th i c  kn es s 

Borden Formation ( i n c o z p l e t e ) :  

Henley i3ed of  F a r z e r s  "ember ( i n c o m p l e t e ) :  
1 9 .  Mudstone, g r e e n i s h - g r a y  (5GY 6/1), s i l t y ;  hack ly  

f r a c t u r e ,  l i m c n i t i c  s t a i n ;  grass and v e t c h  cove r  
. . . .  upper  p a r t  of  exposure .  Basal c o n t a c t  s h a r p .  1.W 

Sunbury S h a l e :  
18. S h a l e ,  b l a c k  (::l), v e r y  s l i g h t l y  s i l t y ,  f i s s i l e ,  

b r i t t l e ;  w e a t h e r s  medium g r a y  1x6) t o  y e l l o w i s h  
g r a y  (5Y 8/11;  f r e s h  p i e c e s  have s111 J n c h o i d a l  
f r a c t u r e ;  p y r i t e  n o d u l e s  a l o n g  1 g p l a n e s  a t  4.5 
and 5.5 f e e t  a t o v e  b a s e ;  no s p o r C . ,  v e r t i c a l  
and h o r i z o n t a l  l ens - shaped  burrows i n d i c a t e d  by 
l i g h t e r  zones  2 t o  3 m. wide i n  uppermosc p a r t ;  l a g  
c o n c e n t r a t e  a t  b a s e  5 mm. t h i c k ,  c o n c a i n s  numerous 
L i n p u l a ,  a few conodon t s ,  rare spores. Both upper  
and lower  c o n t a c t s  must b e  e x c a v a t e d  t o  b e  s e e n .  
Sampled a t  base . . . . . . . . . . . . . . . . . . .  18.2 

T o t a l  Sunbury Shale. . . . . . . . . . . . . .  l8.2 
- 
- 

Bedford S h a l e :  
17.  Mudstone, o l i v e - g r a y  (5Y 4/1), s l i g h t l y  ca l ca reous . ;  

w e a t h e r s  l i g h t  o l i v e  g r a y  (5Y 6 / 1 ) ;  l i m o n i t e  seam 
along b e d d i n g  p l a n e  4.4 f e e t  above b a s e  . . . . . . .  14.8 
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. .  

. .  

M i s s i s s i p p i a n  ( c o n t i n u e d ) :  
Thickness  

( f e e t )  

Bedford S h a l e  ( c o n t i n u e d )  : 
16. S h a l e ,  b l a c k  ( X l ) ,  f i n e ,  even-:extured, l i t t l e  s i l t ;  

some s p o r e s ;  l i z o n i t i c  c o a t i n g  on s h a r p  u p p e r  and 
lower c o n t a c t s .  . . . . . . . . . . . . . . . . . . .  0.05 

15. Mudstone, greenish-gray  (5GY 6 /11 ,  s i l t y ,  s l i g h t l y  
c a l c a r e o u s ;  s e n i s p h e r o i d a l  f r a c t u r e ;  L ingula  a t  1 cm. 

. . . . . . . . . .  0.2 above b a s e .  Basal c o n t a c t  s h a r p .  - 
T o t a l .  Bedford Shale. .  . . . . . . . . . . . . .  15.05 

Devonian : 

Ohio S h a l e :  
14 .  S h a l e ,  brownish-black ( 5 Y R  Z/l); f i s s i l e ,  b r i t t l e ;  

w e a t h e r s  p r o g r e s s i v e l y  from medium l i g h t  g r a y  (36) 
s u r f a c e s  t o  n o d e r a t e  yellowish-brown (10YR 5/61,  
dusky yellowish-brown (IOI’R 2/21 w i t h  o l i v e  ca s t ,  
and l i g h t  brown ( X R  5 / 6 )  t o  d a r k  ye l lowish-orange  
(10YR 6 / 6 ) ;  morphology o f  weathered ,  n e a r - v e r t i c a l  
c u t s  c h a r a c t e r i z e d  by smooth-weathering f a c e s  i n t e r -  
bedded w i t h  s p l i n t e r y  f i s s i l e - w e a t h e r i n g  f a c e s  t o  
g i v e  o u t c r o p  a r i b b e d  appearance ;  t y p i c a l  t h i c k -  
n e s s e s  a re  0 . 1  t o  0 .3  f o o t  f o r  smooth f a c e s  and . 
0.5 f o o t  f o r  s p l i n t e r y  f a c e s ; .  upper 22 f e e t  of 
u n i t  less  w e l l  exposed i n  a s t e e p  t a l u s - l i t t e r e d  
s l o p e  w i t h  o c c a s i o n a l  l e d g e s  about  0.5  f o o t  t h i c k  
w e l l  exposed;  h i g h l y  a l t e r e d  cone-in-cone l i m e s t o n e  
l a y e r  1 t o  2 c m .  t h i c k  a t  5 .2  f e e t  above b a s e ;  s p o r e s  
small and i n c o n s p i c u o u s  n e a r  t o p ,  i n c r e a s e  i n  s i z e  
and abundance t o u a r d  b a s e ;  L i n g u l a  found a t  t o p .  
Basal c o n t a c t  w i t h  gray ish-green  s h a l e  s h a r p ;  o f f s e t  
on t h i s  c o n t g c t  t o  s o u t h  s i d e  of I n t e r s t a t e  Highway 
64 i n  Sec.  10-T-71 t o  w e s t  f o r  d e s c r i p t i o n  of  under- 
l y i n g  u n i t s .  Here f l a t t e n e d ,  anoebiform phosphate  
n o d u l e s  10 t o  15  c m .  l o n g  were found 3 1  and 33 f e e t  
above b a s e  of  u n i t  and a t r a s h  zone 2 t o  3 mm. t h i c k ,  
with L i n g u l a ,  f i s h  bones ,  conodonts  and small  phos- 
p h a t e  p e b b l e s  were found i n  t h e  f l o a t  on t h e  s l o p e  of  
t h i s  u n i t  . . . . . . . . . . . . . . . . . . . . . .  4 8 . 8  

Three L i c k  Bed: . .  13. S h a l e ,  g r a y i s h - g r e e n  (5GY 4/1), i r o n - s t a i n e d ;  b a s a l  
c o n t a c t  g r a d a t i o n a l  i n t o  b l a c k  s h a l e  o v e r  0.1 f o o t  
i n t e r v a l .  . . . . . . . . . . . . . . . . . . . . .  1.5 
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Devonian ( c o n t i n u e d ) :  

Ohio S h a l e  ( c o n t i n u e d ) :  

Three  L i c k  Bed ( c o n t i n u e d ) :  
12. S h a l e ,  o l i v e - b l a c k  (5Y 2/1), f - s s i l e ;  l i k e  u n i t  1 0 ;  

p y r i t e  n o d u l e s  i n  somewhat p e r s i s t e n t  zone about  1 
foot  above b a s e ;  d i s c o n t i n u o u s  cone-in-cone l a y e r  
1 .9  f e e t  above b a s e ,  a l s o  observed  a t  same h o r i z o n  
in r o a d c u t  t o  e a s t .  Basal c o n t a c t  s h a r p .  . . . . . .  

Thickness  
( f e e t )  

4.2 

11. S h a l e ,  g reenish-gray  (5G 6/1), l i k e  u n i t  9. . . . . .  0.9 

10. S h a l e ,  o l i v e - b l a c k  (5Y 2/1), f i s s i l e ;  s e l e n i t e  
r o s e t t e s  on bedding p l a n e s ;  s p o r e s  abundant ;  
b a s a l  c o n t a c t  s h a r p  . . . . . . . . . . . . . . . . .  2.6 

9 .  S h a l e ,  g r e e n i s h - g r a y  (5GY 5/1) ;  secondary  r e d  
( 5 Y R  5 /6)  s t a i n  a l o n g  bedding;  b a s a l  3-5 c m .  
burrowed, w i t h  burrows d e c r e a s i n g  i n  abundance 
upward; L i n g u l a  a t  b a s e ;  s h a r p  b a s a l  c o n t a c t .  . . . .  2.3 

T o t a l  Three L i c k  Bed . . . . . . . . . . . . .  11.5 

8. S h a l e ,  medium d a r k  g r a y  (N4) t o  medium-gray (NS); 
s u r f a c e  s t a i n e d  yellowish-brown; f i s s i l e ;  numerous 
s p o r e s  on  some bedding  p l a n e s ;  d i s c o n t i n u o u s  cone- 
in-cone l a y e r  a t t a i n s  maximum t h i c k n e s s  of 0.2' f o o t  
a b o u t  5 f e e t  below t o p  of  u n i t ;  p y r i t e  nodules  about  
3 mm. t h i c k  c o n c e n t r a t e d  a l o n g  bedding p l a n e  about  
22 f ee t  above s h a r p  b a s a l  c o n t a c t  . . . . . . . . .  

7 .  Shale, brownish-black (5YR 2/1); f i s s i l e ;  l i k e  u n i t  
3; homogeneous; a t  t o p  is  a c l a y - s h a l e  sezm, 1 cm.  
t h i c k ,  which w e a t h e r s  l i g h t  g r a y  (N7) ;  i n t e r l a n i -  
n a t e d  G i t h  d a r k  s h a l e  i n  c o u p l e t s  less t h a n  1 mm. 
t h i c k  i n  l - c m .  i n t e r v a l  below seam. . . . . . . . . .  

6 .  I n t e r b e d d e d  l i g h t  (60 p e r c e n t )  and d a r k  ( 4 0  p e r c e n t )  
s h a l e .  L i g h t  s h a l e  is greenish-gray  (5GY 4 /11  t o  
light o l i v e  g r a y  (SY 6 / 1 ) ,  a r g i l l a c e o u s ,  micaceous,  
p o o r l y  f i s s i l e  i n  9 beds  r a n g i n g  from 0 . 2  t o  1 . 5  
feet  t h i c k ;  b a s a l  c o n t a c t s  s h a r p  t o  g r a d a t i o n a l  o v e r  
1 cm. I n t e r b e d d e d  d a r k  s h a l e  i s  o l i v e  b l a c k  (5Y 2/1), 
in 8 beds 0.1 t o  1 . 7  f e e t  t h i c k ;  w e l l - p r e s e r v e d  
F o e r s t i a  common t o  abundant ,  soine show l o b a t e  mor- 
phology;  basal. c o n t a c t s  s h a r p  . . . . . . . . . . . .  

53.8 

21.6 

8 . 3  
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. . .  

Devonian ( c o n t i n u e d ) :  Tn  i c knes s 
( f e e t )  

Ohio S h a l e  ( c o n t i n u e d ) :  
S h a l e ,  b r o m i s h - b l a c k  (SYP. Z/l), f l s s i l e ,  b r i t t l e ;  
w e a t h e r s  b l o c k y  and mass ive  i n  lower t v o - t h i r d s ,  
less  r e s i s t a n t  i n  uppe r  one - th i rd  of u n i t ;  p y r i t e  
o c c u r s  a l o n g  bedd ing  p l a n e s ;  conodonts  rare;  
p o s s i b l e  F o e r s t i a ?  ( a l g a e )  i n  upper  0.1 foot of 
u n i t ;  s p o r e s  i n  b a s a l  0 .1  foot. 
b a s a l  c o n t a c t  . . . . . . . . . . . . . . . . . . . .  20.3 

5 .  

Sampled a t  s h a r p  

4. S h a l e ,  i n t e r b e d d e d ,  l i g h t  (70 p e r c e n t )  and d a r k  
(30 p e r c e n t ) .  
(5GY 6/11, i n  b e d s  r a n g i n g  from 0.2 t o  0.5 f o o t  
t h i c k ;  t o p  of uppermost bed is burrowed. Dark 
s h a l e  is  b rowni sh -b lack  (5Y 3 / 1 ) ,  l i k e  u n d e r l y i n g  

L i g h t  s h a l e  is g reen i sh -g ray  

9.1 u n i t ,  i n  b e d s  0 . 1  t o  0 .3  f o o t  t h i c k  . . . . . . . . .  
3 .  

2. 

S h a l e ,  b rowni sh -b lack  ( 5 Y R  2/1.), britcle, fissile, 
l a m i n a t e d ,  w i t h  abundan t  reddish-brown T a s n a n i t e s  
s p o r e s  and some f l a k e s  of  c h i t i n o u s  ( ? )  material;  
p y r i t e  n o d u l e s  w e l l  developed a l o n g  s e l e c t e d  bedd ing  
p l a n e s ;  p r o n i n e n t  h o r i z o n  2 . 6  f e e t  below t o p  of  u n i t ,  
c o n t a i n s  e l o r . g a t e  n o d u l e s  1 t o  3 CQ. t h i c k  and 3 t o  4 
c m .  w i d e ;  a n o t h e r  1 - m . - t h i c k  l a y e r  o c c u r s  a t  s h a r p  
basal c o n t a c t  . . . . . . . . . . . . . . . . . . . .  5 .I 

S h a l e ,  l i g h t  o l i v e - g r a y  ( 5 Y  6/1) , green i sh -g ray  
(5GY 6/11 t o  d a r k  g reen i sh -g ray  (5G 5/1) ; w e a t h e r s  
l i g h t  g r a y  ( 8 7 )  t o  y e l l o w i s h  g r a y  (5V 5/1) ,  j o i n t s  
s t a i n e d  w i t h  l i n o n i t e ;  c l a y e y  t o  s l i g h t l y  silty; 
s p o r e s  ra re ;  c o n t a i n s  i n t e r b e d s  2 t o  3 cm.  t h i c k  of 
b rowni sh -b lack  ( 5 Y R  2/1)  t o  d a r k  g r a y  (N4) s h a l e  
w i t h  P O O K l y  d e f i n e d  c o n t a c t s  a t  1.1 f e e t ,  2 . 7  f e e t ,  
and 2.9 f e e t  below t o p .  Basal c o n t a c t  is  s h a r p ,  
l o c a l l y  marked by p y r i t i c  sandy l a y e r  1 CDI. t h i c k ,  
b u t  o b s c u r e  where p y r i t e  l a y e r  i s  a b s e n t .  . . . . . .  3.0 

T o t a l  Ohio S h a l e .  . . . . . . . . . . . . . .  181.5 

U n i t  may b e  e q u i v a l e n t  of Olsntangy S h a l e .  

Unconformity.  

S i l u r i a n  ( i n c o u q l e t e ) :  

Crab Orchard F o r m t i o n  ( p a r t i a l l y  exposed)  : 
1. S h a l e  (85 p e r c e n t )  and d o l o m i t e  (15 p e r c e n t ) .  S h a l e  

is  o l i v e - g r a y  (SY 5/11, c l a y e y ,  d o l o m i t i c ,  p o o r l y  
f i s s i l e ;  w e a t h e r s  t o  l i g h t  g r a y  (K7) thin f l a k e s  1 t o  
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Thickness  
( f e e t )  S i l u r i a n  ( c o n t i n u e d ) :  

Crab Orchard Formation ( c o n t i n u e d ) :  
2 cm. a c r o s s  and 2 mm. t h i c k ;  i n  beds  about  0.5 f o o t  
t h i c k .  
w e a t h e r s  l i g h t  brown (5YR 5/6)  t o  moderate  brown 
( 5 Y R  4/4); s i l t - s i z e  g r a i n s ;  C h o n d r i t e s - l i k e  burrows 
are m a i n l y  p a r a l l e l  t o  bedding,  bu t  a f e w  a re  ver -  
t i c a l  i n  d i s c o n t i n u o u s  t h i n  beds and f a i r l y  c o n t i n -  
upus t h i c k e r  beds  up t o  0.2 f o o t  t h i c k .  Reinaining 
p a r t  o f  Crab Orchard Formation n o t  exposed below 
road  l e v e l .  . . . . . . . . . . . . . . . . . . . . . 22.W 

Dolomite is l i g h t  o l i v e  gray  (5Y 6/11;  

- 
Total t h i c k n e s s  of s e c t i o n  about  238 f e e t .  

(Note: Reconnaissance  hand- leve l  measurement above u n i t  13 i n  
t h e  w e s t e r n  r o a d c u t  encountered  50 f e e t  of Ohio S h a l e  t o  t h e  b a s e  
of t h e  Bedford S h a l e ;  t h e  Bedford was'measured as  13;5 f e e t  
t h i c k ,  and t h e  lower  7 f e e t  of t h e  Sunbury S h a l e  was exposed a t  
t h e  t o p  of t h e  c l e a r e d  r o a d c u t . )  

SECTION 4 

Mountain Parkway S e c t i o n  Near Clay C i t y  

N e a r l y  comple te  s e c t i o n  of New Albany S h a l e  exposed i n  two l a r g e  
r o a d c u t s  and o n e  q u a r r y  a l o n g  Mountain Parkway i n  Powell  County,  Kentucky 
(Clay C i t y  Q u a d r a n g l e ) .  Upper 54 f e e t  of s e c t i o n  a re  d e s c r i b e d  from c u t  
on east s i d e  of  Kentucky Highway 1057, s o u t h  of b r i d g e  o v e r  Nountain 
Parkway, 1725 f e e t  FNL x 575 f e e t  FEL Sec. 25-4-68; t h e  u n d e r l y i n g  u n i t s  
(1-14) are d e s c r i b e d  from a q u a r r y  on t h e  n o r t h  s i d e  of  Kentucky HighGay 
15, 0 .1  m i l e  n o r t h w e s t  o f  i t s  j u n c t i o n  w i t h  Kentucky Highways 11 and 82 ,  

. and from t h e  l a r g e  r o a d c u t  0 .15  m i l e s  f a r t h e r  w e s t ;  b a s e  of s e c t i o n  is 
on n o r t h  s i d e  of Mountain Parkway, 0.25 m i l e s  west of o v e r p a s s  a t  Clay 
C i t y  i n t e r c h a n g e  ( E x i t  16), 925 f e e t  FSL x 900 f e e t  FIJL Sec. 11-4-67. 
Descr ibed  and measured b y  R. C. K e p f e r l e ,  Michael D .  Lewan, J. B .  
Maynard, P. E. P o t t e r ,  and Linda J .  Prove u s i n g  hand level  and t a p e ,  
May 20, 1976. 

Thickness  
M i s s i s s i p p i a n  ( i n c o m p l e t e ) :  ( f e e t )  

Nancy Member of Borden Formation ( i n c o m p l e t e ) :  
Covered, t o  t o p  of r i d g e  overgrown by g r a s s  and s m a l l  
e v e r g r e e n  trees;  n o t  measured; c o n t a c t  w i t h  under- 
l y i n g  u n i t  is n o t  exposed b u t  i s  mapped a t  e l e v a t i o n  
720+ f e e t  (Simnons, 1967) and is  b e l i e v e d  t o  b e  n e a r  
t op  of e x p o s u r e ,  below. 

23. 
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Devonian ( i n c o m p l e t e ) :  
Thickness  

( f e e t )  

New Albany S h a l e :  
22. S h a l e ,  d a r k  g r r y  (S3), s l i g h t l y  s i l t y ,  f i s s i l e ;  b a s a l  

c o n t a c t  marked by u n d e r l y i n g  phosphate  nodules .  - . . 4.7+ 

2 1  S h a l e ,  d a r k  g r a y  (N3), s l i g h t l y  s i l t y ,  uniform,  
f i s s i l e ;  e l o n g a t e ,  f l a t t e n e d  phosphate  nodules  as 
much as 0.3 f o o t  l o n g  and 0.1 f o o t  t h i c k  occur  
randomly a l o n g  bedding  p l a n e s ;  i r r i d e s c e n t  l i m o n i t i c  
c o a t i n g  on bedding  p l a n e s ;  f i s h  s c a l e s  and u n i d e n t i -  
f i a b l e  p a r t s ,  rare; s p o r e  Tasmani tes ,  c o m o n ;  c o n t a c t  
w i t h  u n d e r l y i n g  cons-in-cone l i m e s t o n e  l a y e r  s h a r p .  
Sampled a t  t o p  of u n i t .  . . . . . . . . . . . . . . .  24.0 

20. S h a l e ,  brownish-black (5YR 2 / 1 ) ,  s i l t y ,  f i s s i l e ;  
y e l l o w i s h - g r a y  (5YR 7/2)  powdery, weathered c o a t i n g .  
o n  b e d d i n g  p l a n e s ;  a t  t o p  is c o n t i n u o u s  cone-in-cone 
l i m e s t o n e  l a y e r ,  0 .1  f o o t - t h i c k ,  h e a v i l y  s t a i n e d  w i t h  
l i m o n i t e ;  s p o r e s  abundant .  Contac t  w i t h  u n d e r l y i n g  
u n i t  s h a r p .  . . . . . . . . . . . . . . . . . . . . .  19.2  

Three Lick Bed: 
1 9 .  Mudstone, n e d i u p l i g h t  g r a y  (N6), s i l t y ;  p o o r l y  

l a m i n a t e d ,  h a c k l y  f r a c t u r e ;  s e l e n i t e  c r y s t a l s  and 
l i m o n i t i c  s t a i n  on weathered s u r f a c e s ;  u n i t  sampled 
a t  wes ternmost  c u t .  Basal c o n t a c t  s h z r p .  . . . . . .  0.7 

0 

18. S h a l e ,  d a r k  g r a y  (N3) t o  medium-dark g r a y  (N4), w e l l  
l a m i n a t e d ,  wiEh l aminae  a b o u t  1 mm. t h i c k ;  few Tas- 
m a n i t e s ;  s e l e n i t e  r o s e t t e s  and l i m o n i t i c  s t a i n  a l o n g  
b e d d i n g  p l a n e s .  Basal c o n t a c t  s h a r p .  . . . . . . . .  2.7 

- 

1 7 .  Mudstone, medium-light g r a y  (N6), l i k e  u n i t  18; sampled 
a t  wes ternmost  c u t .  Basal c o n t a c t  s h a r p .  . . . . . .  0.5 

16 .  S h a l e ,  dark-gray  ( N 3 ) ,  l i k e  u n i t  1 7  . . . . . . . . .  1.7 

15. Mudstone, m e d i u - l i g h t  g r a y  (N61; l i k e  u n i t  18; b a s e  
and  t o p  are g r a d a t i o n a l ;  sampled i n  westernrnost c u t .  
The a l t e r n a t i o n  of g r a y  mudstone and dark-gray s h a l e  
i m p a r t s  a r i b b e d  a p p e a r a n c e  t o  t h e  o u t c r o p s  t h a t  
i n c l u d e s  u n i t s  18 t b  14 .  O f f s e t  on t h i s  c o n t a c t  t o  
q u a r r y  on  n o r t h  s i d e  of  Kentucky Highway 15, 2 .1  m i l e s  
t o  n o r t h w e s t ,  i n  Sec.  11-4-67 f o r  d e s c r i p t i o n  of t h e  . . . . . . . . . . . . . . . . . . .  0.6 

. . . . . . . . . . . . .  6.2 
u n d e r l y i n g  u n i t  - 

T o t a l  Three Lick Bed - - 
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Devonian (cont inued)  : Thickness  
( f e e t )  

New Albany Shale  (cont inued) :  
14 .  Sha le ,  d a r k  gray (N3), f i s s i l e ,  massive,  uniform; 

in te rbedded  w i t h  as many as s i x  f a i r l y  cont inuous 
medium-gray (NS) t o  medium-dark-gray (N4) cone-in- 
cone l imes tone  l a y e r s  which are l o c a l l y  p y r i t i c  and 
ate  conmonly less than 0.1 foot t h i c k  a t  base  and 
top  of u n i t  and a t  2.1, 7 . 3 ,  8 . 7 ,  12.2,  13.0,  1 4 . 3 ,  
23.1, and 24.2 f e e t  above base  l o c a l l y  i n  t h i s  and 
a d j a c e n t  exposure t o  west; cone-in-cone beds weather  
t o  l imoni te -s ta ined  l i g h t  brown (5YR 5/6); lowes t ,  
h i g h e s t ,  and bed 7.2 f e e t  above base  were sampled. 
Of f se t  a l o n g  con tac t  t o  exposure 0.15 m i l e s  t o  w e s t  26.9 

13. Shale ,  dark-gray (N3) t o  brownish-black (5YR 2 / 1 1 ;  
s i l t y ,  wel l - laminated,  w i t h  laminae 1-2  nm. t h i c k ;  
even f r a c t u r e ,  tough; r a r e  Tzsmanites;  poor ly  'formed 
s e l e n i t e  r o s e t t e s  and i r r e g u l a r  masses o f  s e l e n i t e  
comon common a long  bedding p l anes  and f r a c t u r e s ,  
which are a l so  s t a i n e d  wi th  l i m o n i t e  and s u l f a t e .  . .  - i 7  . 3  

12. Covered a t  road;  probably s imilar  t o  under ly ing  u n i t  
10; s e c t i o n  o f f s e t  a c r o s s  Kentucky Highway 15 to  
s o u t h . .  . . . . . . . . . . . . . . . . . . . . . . .  2 . 4  

11. Shale ,  brownish-black (5YR 2 / 1 ) ,  s i l t y ;  more f i s s i l e  
than unde r ly ing  u n i t s ;  red-brown Tasrnanites spores  
abundant;  F o e r s t i a  prominent i n  weathered zone 4.1 
f e e t  above base  (sampled);  l i m o n i t e  and s u l f a t e  
s t a i n  on bedding and j o i n t  p lanes  . . . . . . . . . .  12.2 

10. Covered; probably similar t o  u n i t  8; s l o p e  l i t t e r e d  
. with  thin, medium gray  s h a l e  c h i p s .  . . . . . . . . .  1.7  

9. Shale ,  g ray ish-b lack  (N2), f i n e  s i l t ;  f i s s i l e ;  
weathers  t o  s p l i n t e r y  fragments;  p y r i t i c ;  3 .6  f e e t  
below top  o f  u n i t  is a h i g h l y  weathered zone 0.4 
f o o t  t h i c k  c o n t a i n i n g  abundant s p o r e s  and i ron -  
s u l f i d e  nodules  which have f i n e l y  c r y s t a l l i n e ,  
rounded bases  and which mushroom upward i n t o  c o a r s e r  
oc t ahedra l  c r y s t a l s ,  w i t h  bedding draped around 
c r y s t a l s  ( t h i s  zone is a l s o  i d e n t i f i a b l e  i n  t h e  
quarry exposure t o  t h e  e a s t ) ;  l i m o n i t e  and s u l f a t e  
s t a i n  on j o i n t  f a c e s ;  sampled 5.2 f e e t  below top  of 
u n i t . .  . . . . . . . . . . . . . . . . . . . . . . .  10.0 
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. .  

Devonian (cont inued) :  

New Albany Shale  (cont inued) :  
8. 

7 .  

6 .  

5 .  

4. 

3 .  

Thickness  
( f e e t )  

L igh t  and da rk  s h a l e  in te rbedded  i n  subequal  amounts 
i n  about  20 c o u p l e t s .  L ight  s h a l e  i s  o l i v e  gray  
(5Y 4/11 t o  g reen i sh  gray  (5GY 6/1) and medium g ray  
(N5) i n  beds connuonly 0 .1  f o o t  t h i c k  and as  much as  
1.0 f o o t  t h i c k ;  burrows (?) common t o  rare a l o n g  
bedding p l anes ,  some ramose and s t r a i g h t ,  o t h e r s  
fa in te r  and meandering; coa ly  material  i n  one bed 
n e a r  middle of u n i t .  Dark s h a l e  is brownish b l a c k  
(5YR 2/1), d a r k  gray  (N3) t o  g ray i sh  b l a c k  (N2) i n  
beds ranging  i n  t h i c k n e s s  from 0 .1  t o  1 .5  f e e t ;  
p y r i t i c ;  f o s s i l s  i n c l u d e  s p a r s e  Tasmanites s p o r e s  and 
conodonts ,  rare Lingula  and, near  top ,  F o e r s t i a  (? )  
and Zoophycos-like burrows. Boundaries between beds 
sha rp  t o  g r a d a t i o n a l  over  1 t o  2 cm.  . . . . . . . .  10 .4 

Sha le ,  grayish-black ( N 2 ) ,  f i s s i l e ,  l i k e  u n i t  4.  . .  1.3 

Covered, a t  f i r s t  major bench above base ;  s l o p e  - . 

l i t t e r e d  w i t h  l i g h t  gray  s h a l e  ch ips  . . . . . . . .  2.0 

Sha le ,  grayish-black (N2), f i s s i l e ,  b r i t t l e ,  w i t h  
subconchoidal  f r a c t u r e  where f r e s h ;  weathers  t o  
l i g h t - g r a y  (N7) c h i p s  which l i t t e r  s l o p e s ; . p y r i t e  
i n  i r r e g u l a r  c o n c e n t r a t i o n s  a long  bedding p l a n e s ;  
some Tasmanites and Lingula ;  heav i ly  s t a i n e d  w i t h  
l i m o n i t e  and s u l f a t e ;  b a s a l  c o n t a c t  g r a d a t i o n a l  over  
0.1 f o o t  . . . . . . . . . . . . . . . . . . . . . .  4.0 

Dolomudstone, o l i v e  gray  ( 5 Y  4/1), weathers  t o  
rounded p r i s m s  less  than  1 cm. on a s i d e ;  c l ayey ;  
lower c o n t a c t  sha rp .  0.9 . . . . . . . . . . . . . . . . .  
Interbedded s h a l e  and dolomudstone i n  descending  
o r d e r :  s h a l e ,  1 .9  f e e t ;  do lomi te ,  1 .0  f o o t ;  s h a l e ,  
1.1 f e e t ;  do lomi te ,  ‘0.3 f o o t ;  s h a l e ,  0.2 foot; 
dolomi te ,  0.8 f o o t ;  s h a l e ,  0.3 f o o t  ( b a s a l  s h a l e  
sampled).  Sha le  is da rk  gray  ( N 3 ) ,  s l i g h t l y  s i l t y ,  
f i s s i l e ,  b r i t t l e ,  wel l - laminated,  w i t h  laminae about  
2 mm. t h i c k ;  abundant Tasmanites s p o r e s ;  burrows ( ? )  
are g e n t l y  curved,  0.5 t o  1 c m .  wide, l o c a l l y  
p y r i t i c ,  common on bedding p lanes .  D o l o s i l t s t o n e  
is o l i v e  gray  (5Y 4 / 1 ) ,  b i o t u r b a t e d .  
is g r a d a t i o n a l  5.6 

Basal c o n t a c t  . . . . . . . . . . . . . . . . . . .  
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COO-1 6 5  0- 1 

Devonian ( con t inued) :  Thickness  
( f e e t )  

New Albany Sha le  ( con t inued) :  
2. Sha le ,  o l i v e  gray  (5Y 4 / 1 ) ,  s i l t y ,  do lomi t i c  nea r  

f i s s i l e  c h i p s  less than  1 cm. a c r o s s ;  r ibbed  
wea the r ing  p a t t e r n  well-developed i n  u p p e r  3 f e e t  
of u n i t  i n  c o u p l e t s  0.3 t o  0.4 f o o t  t h i c k ;  blocky 
wea the r ing  zone occur s  2.5 f e e t  above base ;  Tasman- 
l t es  common; sampled 2.1 f e e t  above base .  Basal 
c o n t a c t  i s  s h a r p ,  unconformable, i r r e g u l a r ,  w i t h  
l o c a l  relief of about  0.1 foot. . . . . . . . . . . .  7.8 

156.6 

. .  base ;  wea the r s  t o  ve ry  l i g h t  gray  ( 9 8 ) ,  poorly 

T o t a l  New Albany Shale  (see n o t e ) .  . . . . . .  

Unconformity : 

Boyle Dolomite ( incomple te ) :  
1. Dolomite,  medium-light-gray (N6), s i l t - s i z e d  g r a i n s ;  

weathers  t o  grayish-orange (10YR 7 / 4 ) ;  dense,  w i t h  
some wavy bedding and s t y l o l i t e s ;  c h e r t  nodules ,  
mediulcgray (N5), i r r e g u l a r  t o  amoebi fom,  as much as 
0.3 foot t h i c k  and 2 f e e t  long; d i scon t inuous  c l a y  
p a r t i n g  1 . 5  f e e r  below top ;  c a l c i t e ,  p y r i t e ,  and 
s p h a l e r i t e  occur  as i r r e g u l a r  b l e b s  i n  upper 0.5 
f o o t ,  b u t  appear  t o  be  un re l a t ed  t o  c o n c e n t r a t i o n  of 

' burrows (? )  i n  same i n t e r v a l  and vnich  are para l le l  
to bedding and a few cen t ime te r s  wide; c r i n o i d s  and 
o t h e r  f o s s i l s  weather  o u t  forming a p i t t e d ,  i r r e g u l a r  
s u r f a c e ,  sugges t ing  t h a t  t h i s  uni t . rnay be a dolomi- 
t i z e d  l i m e s t o n e .  Unit  appears  as single n a s s i v e  bed; 
remaining Boyle n o t  exposed a t  road l e v e l  i n  t h i s  

. . . . . . . . . . . . . . . . . . . . . . .  4.4 s e c t i o n  
. . . . .  1 6 1  T o t a l  t h i c k n e s s  of s e c t i o n  is  abou t .  

- 
- - 

(Note: In t h e  westernmost  c u t  t h e  i n c l u s i v e  i n t e r v a l  between t h e  lowes t  
and h i g h e s t  greenish-gray mudstone beds ( c o r r e l a t i v e  w i t h  u n i t s  15 
through 1 9  i n  t h e  q u a r r y  p a r t  of  t h e  s e c t i o n )  is 5.8 f e e t .  Above t h i s  
i n t e r v a l ,  a t h i c k n e s s  of 21 f e e t  of b l ack  s h a l e  i s  exposed on t h e  s t e e p  
f a c e  o f  the c u t ;  and t h e  uppermost 25 f e e t  a r e  covered .  The uppernos t  
4 feet of t h e  r i d g e  i s  capped by t h e  Nancy Member of  t h e  Borden Forma- 
t i o n .  Thus, t h e  t o t a l  t h i c k n e s s  of t h e  New Albany S h a l e  a t  t h e  western-  
most s e c t i o n  i s  about  152 f e e t . )  
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SECTION 5 

. _  

. *  

Berea, Kentucky, Sec t ion  

Nearly complete s e c t i o n  of New Albany Shale  exposed i n  s e r i e s  of 
c u t s  on east s i d e  of I n t e r s t a t e  Highway 75 a t  and south  of exchange and 
c ross ing  of Kentucky Highway 21 w e s t  of Berea, Madison County, Kentucky. 
Top of s e c t i o n  is sou th  of overpass ,  575 f e e t  FNL and 600 f e e t  L;wL of 
Sec. 7 4 - 6 3 ;  base  of s e c t i o n  is a long  en t rance  ramp t o  the  northbound 
l a n e s  of Interstate Highway 75 (Berea quadrangle).  Sec t ion  measured, 
descr ibed ,  and sampled, and i t s  r a d i o a c t i v i t y  p r o f i l e  measured us ing  
Jacob's s t a f f ,  t ape ,  Abney l e v e l ,  and s c i n t l l l o m e t e r  by R.  C. Kepfer le  
and Paul  Edwin P o t t e r ,  J u l y  9,  1976. 

- 
Thickness 

Quaterr.ary (?) ( f e e t )  
15. Soi l , '  o l ive-gray (5Y 4/1) t o  yellowish-gray 

(5Y 8/1), conta in ing ,  nea r ' base ,  q u a r t z i t e  pebbles ,  
s i l i c e o u s  geodes, and phosphatic nodules der ived  
from nearby and underlying bedrock u n i t s ;  weathers  
t o  g ra s sy  f l a t .  Eros iona l  contac t .  . . . . . . . . . . .  5+ 

Devonian : 

New Albany Shale  (incomplete):  
14. Shale ,  brownish-black (5YR 2/1) ,  weathers l i g h t  gray 

(N7), wi th  some i r o n  oxide and s u l f i d e  s t a i n  on f r ac -  
t u r e s  and bedding p l anes  along wi th  r o s e t t e s  and 
pr isms of s e l e n i t e  3 t o  5 mm. long; s i l t  i n  discon- 
t i nuous  laminae 1 t o  2 g r a i n s  th i ck ;  p y r i t e  i n  
d i s c o i d a l  conc re t ions  and disseminated g r a i n s ;  
phosphate i n  nodules which are round t o  amoebiform, 
2 t o  3 cm. t h i ck ,  e longate ,  some more than 13 c m .  
a c r o s s ,  brownish-gray (5YR 4/1) and brownish-black 
(5YR 2/1), weather yellowish-gray (5Y 8/1) on s u r f a c e ,  
w i t h  e a r t h y  l u s t e r  and rough f r a c t u r e ;  f o s s i l s  i nc lude  
Tasmanites spores  and a v i t r a i n  l a y e r  3 nm. t h i c k  5 
f e e t  above base.  Top a t  o r  near  con tac t  wi th  grayish-  
green s h a l e  of b a s a l  Borden Formation seen i n  outcrop 

.less than  1 m i l e  t o  t h e  vest. Basal con tac t  placed 
at  lowest  phosphate nodule.  . . . . . . . . . . . . .  9 

13. Shale ,  brownish-black (5YR 2/1) t o  grayish-black (N2), 
l i k e  u n i t  above, except  con ta ins  no phosphate nodules;  
8 f e e t  above base  is zone of  p y r i t e  concre t ions  0.1 
f o o t  in diameter  and 0.5 cm. t h i ck ,  concentrated along 
bedding p lanes ;  s h a l e  weathers t o  f i s s i l e ,  b r i t t l e  
f l a k e s  and plates' as much as 0.4 f o o t  i n  diameter ;  
Tasmanites abundant; p o s s i b l e  f i s h  s c a l e ,  1 mm. a c ross ,  
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Thickness 
( f e e t )  

Devonian (cont inued) :  

New u m n y  male (cont inued) :  
n e a r  top  of u n i t ;  s i l t  laminae i n c r e a s e  in abundance 
downward; tough and dense ,  wi th  subconchoidal  f r ac -  
t u r e  where f r e s h .  Sharp b a s a l  c o n t a c t .  . . . . . . .  18 

12. 

11. 

10 

c 

9 .  

8 .  

7. 

Three Lick  Bed: 
Shale ,  greenish-gray (5GY 5/1-4/1),  weathers  
yel lowish-gray (5Y 8/1), c layey ,  subconchoidal  
f r a c t u r e  on j o i n t s  and p a r t i n g s  coa ted  w i t h  l i m o n i t e  
and s u l f a t e  s t a i n .  
u n i t . . . . . . . . . . . . . . . . . . . . .  . . . .  0.8 

Sharp c o n t a c t  w i t h  under ly ing  

Shale ,  b l a c k  (Nl) t o  grayish-black (N2) and b r o m i s h -  
black (SYR 2/1); weathers  l i g h t  gray  (N7), wi th  i r o n  
ox ide -and  s u l f a t e  s t a i n ;  s i l t  laminae 1 t o  2 g r a i n s  
t h i c k ,  comnonly about  5 mm. t o  1 cm. a p a r t ;  b r i t t l e  
f l a k e s  l i t ter  outcrop;  burrowed i n  upper 0 . 1  f o o t ,  
burrows f i l l e d  w i t h  g reen i sh  s h a l e  from ove r ly ing  
u n i t ? ;  d i scon t inuous  cone-in-cone l i n e s t o n e  layer ,  
dark-gray (N5), 0.1 t h i c k ,  about  0.6 below top  
(sampled);  b a s a l  c o n t a c t  sharp .  . . . . . . . . . . .  1.2 

Shale ,  greenish-gray (5GY 5 / 1  t o  4/1) l i k e  u n i t  1 2 ;  
b a s a l  c o n t a c t  sha rp  . . . . . . . . . . . . . . . . .  0.4 

Shale ,  brownish-black (5YR 2/1)  l i k e  u n i t  11; f i s h  
s c a l e ( ? )  0.3 above base ;  Tasmanites s p a r s e ;  upper 0 . 1  
burrowed; p y r i t e  up t o  2 uun. i n  s c a t t e r e d  b l e b s ;  
b a s a l  c o n t a c t  sha rp  . . . . . . . . . . . . . . . . . .  0.9 

Shale ,  greenish-gray (5GY 5/1)  l i k e  u n i t  12; s h a r p  
c o n t a c t  w i t h  under ly ing  u n i t .  O f f s e t  n o r t h  along 
c o n t a c t  t o  f i r s t  c u t  south of in t e rchange ;  and i n  

0 . 2  borrow p i t  east of c u t .  . . . . . . . . . . . . . . .  - 
3.5 T o t a l  Three Lick Bed . . . . . . . . . . . . .  - - 

Shale ,  b l a c k  (Nl), grayish-Slack (N2),  and brownish- 
b l a c k  (5YR 2 /1 ) ;  s l i g h t l y  s i l t y ;  some s i l t  laminae 
1 t o  2 g r a i n s  t h i c k  about  5 ran. a p a r t ;  burrowed i n  
upper 0.2 f e e t ;  burrows are g e n t l y  cu rv ing ,  burrow- 
f i l l  is medium dark  gray (N4); as much a5 0.5 c m . .  
wide a long  bedding p lanes ;  Tasmanites s p a r s e  t o  
abundant;  some s c a t t e r e d  b l ack  o rgan ic  sh reds ;  
p y r i t i c ;  s l i g h t l y  more r e s i s t an t -wea the r ing  r i b  a c  
about  20 f e e t  above base  (near  base  of c u t ) ;  i n  
upper 15 f e e t  is rhythmic a l t e r n a t i o n  o f  massive- and 
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COO -1 650-1 

. .  

Devonian ( c o n t i n u e d )  : Thickness  

New Albzny S n a l e  (contincea) : 
f i s s i l e - w e a t h e r i n g  s h a l e  i n  sets 0.5 f o o t  t h i c k  t h a t  
Impar t  r i b b e d  a p p e z r a n c e  t o  o t h e r w i s e  l i t t e r e d  s l o p e .  
Poor ly  p r e s e r v e d  F o e r s t i a  iE 2.5 f e e t  t h i c k  zone 8.9 
f h e i  above base of u n i t ;  wsa thered  c h i p s  t y p i c a l l y  
have s l i g h t  depressions oil s u r f a c e s ,  where F o e r s t i a  
h a v e  weathered  o u t .  hll b u t  l o v e r  1 0  f e e t  d e s c r i b e d  
up slope from n i d d l e  l i g h t  p o l e  of  norch c u t ;  b a s a l  
10' d e s c r i b e d  from borrow p i t  t o  east  . . . . . . . .  

6 .  

5. 

4. 

3 .  

2 .  

I n t e r b e d d e d  l i g h t  (60 p e r c e n t )  and d a r k  s h a l e .  L i g h t  
s h a l e  is g r e e n i s h - g r s p  ( 5 Y  6/1) in 7 beds d e c r e a s i n g  
downward i n  t h i c k n e s s  f r o m  2 .4  t o  0 .1  f e e t ;  t h i c k e s t  
g r a y  s h a l e  c o n t a i n s  4 t h i n  b io ;m-shz le  s t r e i l k s .  Dark 
s h a l e  is bro-mish-black ( 5 i T  2/1) t o  dusky brown 
(SYR 2 / 2 ) ;  s i l t y  in t h i n  laminae  i n  6 beds 1 .3  t o  0 . 1  
f ee t  t h i c k ;  l o v e s t  d a r k  s h a l e  burrowed (dug t h i s  sec- 
t i o n  o u t )  . . . . . . . . . . . . . . . . . . . . . .  
S h a l e ,  b l a c k  (0.1+ foot), and covered  . . . . . . . .  
O f f s e t  t o  north-bound e n t r a n c e  ramp t o  1-75 

Dolomudstone, gree2ish-gray ( 5 G  6 i l ) ,  weathers  t o  
y e l l o w i s h - g r a y  ( 5 Y  8/1) pr i sms  v i t h  s p h e r o i d a l  s i d e s .  
Basal c o n t a c t  s h a r p .  (Top covered  i n  grass on w e s t  
s i d e ;  m y  b e  b l a c k  s h a l e  r e c o v e r a b l e  a c r o s s  t o  w e s t ) .  

Organic  d o l o m i t i c  r u d s c o n e ,  o l i v e - b l a c k  (5Y 2 / 1 ) ,  
w e a t h e r s  y e l l o w i s h - g r a y  (5Y 8/1); l a m i n a t e d ;  base 
marked by 0 . 0 5 - t h i c k  r i p p l e d ( ? )  sandy l a y e r .  Basal 
c o n t a c t s h a r ? .  . . . . . . . . . . . . . . . . . . .  
D o l o m i t i c  mudstone, l a m i n a t e d ,  o l i v e - b l a c k  (5Y 2/1); 
base s h a r p ,  i r r e g u l a r ,  relief of a b o u t  0 . 1  f o o t ;  
w e a t h e r s  yellowisS-gray (5Y 3/1). . . . . . . . . . .  

T o t a l  New Albany S h a l e  . . . . . . . . . . . .  
Unconformiry.  

Boyle  Dolomite  ( i n c o a p l e t e ) :  
1. D o l o m i t i c  l i m e s t o n e ,  dark gray ( N 3 ) ,  o l i v e  g r a y  

(5Y 4/1), t o  l i g h t - o l i v e - g r a y  ( 5 Y  6 / 1 )  ; w e a t h e r s  
yel lowish-brown (SYR 5 f 4 ;  t o  dark y s l l o v i s h - o r a n g e  
( 1 0 Y R  6/6); l o c a l l y  c o n g l o a e r a t i c ,  w i t n  l i g h t a r  o l i v e  
p e b b l e s  1 f o  6 ca. l o n g  ii a d a r k e r  matrix; s c a t t e r e d  
w h i t e  c a l c i t e - f i l l e d  p o c k e i s  and  c iass ive  c h e r t  i n  

( f e e t )  

37 

5 . 6  

16 

2 . 7 +  

1.7 

1.2 

94.7 
- 
- - 
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Univ. of  Cincinnati 
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COO- 16 5 0 -1 

~ + z v o n L n  (cantinued) ! Thickness  
( f e e t )  

Boyle Dolomite ( con t inued) :  
soze  beds ;  bed  t h i c k n e s s  0 . 9  t o  2.5 f e s t ,  accencuated  
by weather ing  a long  s t y l o l i t i c  bedding p l anes .  

T o t a l  t h i c k n e s s  a$ s e c t i o n ,  approximate.  . . .  __. 109 

Base 
9.2+ no t  exposed - . . . . . . . . . . . . . . . . . . . . .  
- 

(Note: 
mainly mantled by t t h i n  t a l u s  which can b e  removed by some t r e n c h i n g  
w i t h  mat tock o r  shove l .  The uppermost p a r t  of  t h e  S e w  Albany S h a l e  is 
w e l l  exposed about  1 m i l e  w e s t  of t h e  sou the rn  c u t .  
o v e r l a i n  by about  C..6 f o o t  of brownish-gray t o  o l ive-gray  s h a l e ,  about  
0.05 f o o t  of b l ack  s h a l e  and then  by t h e  greenish-gray s h a l e  of the 
b a s a l  Borden. ) 

The s l o p e s  of t h e  I n t e r s t a t e  c u t s  l i e  a t  about  30" and are 

T h e r e  t h e  shale  is 

SECTION 6 

Big Clifty Creek S e c t i o n  

Complete s e c t i o n  of Chattanooga Sha le  exposed i n  small unnamed 
t r i b u t a r y  t o  Big C l i f t y  Creek and a long  Ringgold Road, 4 . 1  m i l e s  nor th-  
w e s t  of i t s  j u n c t i c n  w i t h  01.1 Kmtucky Highmy 80 a t  West Somerset ,  
P u l a s k i  County, Ker.tucky (Delmer quadrangle) .  Base of s e c t i o n  is i n  
unnamed t r i b u t a r y ,  2,850 f e e t  FSL x 2,400 f e e t  FEL of Sec.  19-H-58; 
t o p  of Chattanooga Sha le  is  a long  unpaved road ,  3,000 f e e t  FSL x 2,425 
f e e t  FWL of Sec.  15-H-58. S e c t i o n  ceasu red ,  d e s c r i b e d ,  and sampled 
us ing  J a c o b ' s  s t a f f ,  Abney l e v e l ,  and t a p e  and i t s  r a d i o a c t i v i t y  pro- 
f i l e  measured u s i n g  s c i n t i l l a t i o n  coun te r  by R .  C .  Kepfe r l e ,  P.  E. 
P o t t e r ,  and Licda .I. Trovo, Augusz 3 ,  1976 .  

H i s s i s s i p p i a n  ( incbmple t e ) :  

Borden Formacion ( incomple t e ) :  

Thickness  
(feet)  

Nancy flember ( incof5plete)  : 
7. Shale, greenish-gray  (5G 5/1), wea the r s  l i g h t  o l i v e  

gray  (5Y 7/1) t o  greenish-gray  (5G 7/1); s i l t y ;  
rounded phosphate  nodules  along bedding p l a n e s  
approximate ly  1 . 4  and 2.8 f e e t  above b a s e ,  w i t h  
g l a u c o n i t e  around nodules  . . . . . . . . . . . . . .  - 1% 

T o t a l  Nancy Member ( incomplete)  . . . . . . .  - 15+ - 
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Devonian ( incomple te ) :  

UGR File i t300 

Univ. of  C inc inna t i  
April  1975-Dec. 1976 

COO-165 0-1 

Thickness  
( f e e t )  

Chattanooga Shale:  
6 .  Shale ,  brownish-black (5YR 2/1) t o  o l ive -b lack  

(5Y 2 / 1 1 ,  weathers  t o  l i g h t  gray  (N7) p l a t e s  
and ch ips ;  bedding p l anes  and j o i n t s  coa ted  w i t h  
s u l f a t e s  of  i r o n ;  Tascranites common; abundant o l i v e -  
gray  (5Y 4/1) phosphate nodules ,  weather  g r a d a t i o n a l l y  
t o  chalky whi te ,  e a r t h y  l u s t e r ,  ovoid and e l o n g a t e  o r  
amoebiform, t y p i c a l l y  3-5 cm. t h i c k  2nd up t o  1 f o o t  
long ,  somewhat f l a t t e n e d  a long  bedding p l anes ,  bedding 
con to r t ed  over  nodules ;  base  of u n i t  is a t  lowes t  
occur rence  of phosphate nodules  ; s i l ica  "dike", 2 cm. 
wide, v e r t i c a l ,  geodiform, ex tends  15 f e e t  l a t e r a l l y  
i n  d i t c h  a long  unpaved road and 3 f e e t  v e r t i c a l l y  
i n t o  ove r ly ing  u n i t .  
Member i s  ab rup t ;  a 0.2-f,oo:-thick zone of phosphate  
nodules  ( sanpled)  i n  g l aucon i t e - s t a ined  mudstone 
( p o s s i b l y  equ iva len t  t o  Pfaury F o r m t i o n )  o c c u r s  a t  
t o p  of t h i s  u n i t .  . . . . . . . . . . . . . . . . . . .  7 -0  

Contact w i th  ove r ly ing  Nancy 

5 .  Sha le ,  brownish-black (5YR 2 / 1 ) ,  l i k e  u n i t  3 .  . . . .  7 .O 

Three Lick Bed: 
4. Mudstone and s h a l e ,  in te rbedded .  Mudstone i s  o l i v e  

gray  ( 5 Y  4/1), weathers  moderate brown (5YR 4/41; 
c layey ,  p y r i t i c ;  i n  t h r e e  beds,  less  than  0.1 f o o t  
t h i c k ,  o c c u r r i n g  between 32 .7  and 35 f e e t  above b a s e  
of s e c t i o n .  Sha le  i s  brotmish-black (5YR 2/1), l i k e  
u n i t  3 ,  with  Tasnan i t e s  and sparse Lingula ;  burrowed 
inmedia te ly  below mudstone beds;  burrows curved ,  
smooth-sided, up t o  1 c m .  w i d e ,  f i l l e d  w i t h  l i g h t -  
brownish-gray c l a y  (5YR 6/1), d e c r e a s e  i n  abundance 

2 .3  

. . . . . . . . . . . .  2.3 
upward t o  gray s h a l e .  . . . . . . . . . . . . . . . .  - 

T o t a l  Three L ick  Bed. - - 
3 .  Shale ,  o l ive-b lack  (5Y 2 / 1 ) ,  weathers  t o  medium- 

l i gh t -g ray  (N6) f i s s i l e  ch ips  and p l a t e s ;  p y r i t e  i n  
burrows i n  b a s a l  0.5 f o o t  and as s t e l l a t e  nodes which 
d i s r u p t  bedding and s t and  i n  r e l i e f  on bedding  p l a n e s ,  
zbundant p y r i t e  as cubes and a c c r e t i o n s  a t  24 t o  26 
f e e t  above base  w i t h  abundant l a n c e o l a t e  f i s h  s c a l e s ( ? ) ;  
Lingula  coinnon t o  abundant t o  3.5 f e e t  above b a s e  
(o r i en ted  sample a t  3.0 f e e t  above b a s e ) ,  l ong  axes 
o r i e n t e d  a t  206", 283', 291", 3 0 0 ° ,  301", 304", and 
323'; t h i n  c l a y  s h a l e  s2ams, yellowish-brown (10YR 5 / 2 ) ,  
weather ing  yel lowish-gray (5Y 8/1) and s l i g h t l y  
r eces sed ,  less  than  0 .1  f o o t  t h i c k ,  occur 5.3, 15.8, 
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UGR F i l e  R30U 

Univ. of  Cincinnati 
A p r i l  1975-Dec. 1976 

COO-1650-1 

Cd:vonian ( con t i r . i r rd )  : f h i c k n e s s  
I. f e e  t ) 

Chat t anc  oga S h a l e  ( c o n t i n u e d )  : 
1 6 . 7 ,  and 1 7 . 7  f e e t  above b a s e ;  T a s n a n i t e s  ra re  t o  
a b u n d a n t ;  rounded,  mediua-sized g r a i n s  (20-302) 
o c c c r  near b a s e  of  u n i t ;  rjeclthered c u t c r o p  h a s  
r i b b e d  a p p e a r a n c e  due t o  a l t e r n a t i n g  r e s i s t a n t  and 
n o n r e s i s t a n t  beds  i n  c o u p l e t s  0.3 f o o t  t h i c k .  Off- 
set a l o n g  b e d d i n g  p l a n e  5 f ee t  below t o p  :o t r i b u -  
t a r y  t o  eas t .  Basal c o n t a c t  s h a r p ,  p a i a c o n f o m a b l e .  31.7 

2 .  S a n d s t o n e ,  D u f f i n  l a y e r ,  o l i v e - b l a c k  (5Y 2/1) t o  
b rowni sk -b lack  (wet , 5YR 2/1), w e a t h e r s  y e l l o w i s h -  
g r a y  (5Y 7 / 2 )  t o  modera t e  yel lowish-brown (10YR 5 / 4 1  ; 
sand g r a i n s  medium-sized, well-roun.lsd,  f r o s t e d ;  phos- 
p h a t i c ,  d o l o m i t i c ;  b a s a l  0.2 f o o t  c o n t a i n s  p h o s p h a t e  
p e b 3 l e s  2-3 c m .  wide which s t a n d  o u t  i n  r e l i e f ;  p y r i t e  
as  n o d u l e s  2 c m .  wide n e a r  t o p ;  c o n o d o n t s  and f i s h ( ? )  
r e r a i n s  o b s e r v e d .  C o n t a c t  w i t h  c n d e r l y i n g  m i t ,  d i s -  
confo r r r zb le  (sampled) . . . . . . . . . . . . . . . .  0.9 

T o t a l  Cha t t anooga  S h a l e  . . . . . . . . . .  48.9 1/ 

Unconforrnity.  

Boyle  Limestone t : i n c o n p l e t e )  : 
1. Dolonitc!, o l i v e - g r a y  (wet , 5 Y  4/1) weathers medium 

l i g h t  g r a y  (N6) t o  l i g h t  gray (N7), l k y ,  meciun- 
g r a i n e d ,  p y r i t i c ,  few g l a u c o n i t e  g r a i n s ;  f l u t e d -  
and roui tded-weather ing b e d s  0.6-0.7 f o o t  t h i c k ;  1.3 
f e e t  below cop is 0 . 5 - f o o t - t h i c k  b e d  of chert, m o t t l e d  
yellOwi:;h-gray ( 5 Y  7 / 2 )  azd  o l i v e - g r a y  (SY 6/11 ; 
weathers modera t e  brot;n (5s 4 / 4 )  t o  dusky  r e d  ( 5 R  3 / 4 1 ,  
i r o n  o x i d e  s t a i n ;  d o l o m i t e  c o n t a i n s  s o l i t a i y  c o r a l s  and 
b r a c h i o j m d s ,  l o c a l l y  c a l c i c s - f i l l e d .  Bzse c o v e r e d .  . .  - 2.6 

T o t a l  Soyle  L i r e s t o n e  ( i n c o m p l e t e ) .  . . . . . .  - 2.6+ 

T o t a l  t h i c k p e s s  o f  s e c t i o n ,  a9 ; rox ina te  . . . .  - 67 - 
i 

- 1/ NOTE: 
tiass (1956,  p .  27)  a t  t h e  same l o c a l i t y  (Conant and Swanson, 1961 ,  
loc. 6 ) .  

Conpares  w i t h  47.4 feet of  C h a t t a n o o g a  Shale measured by 
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COO-1650-1 

. .  SECTION 7 

Creelsboro Section 

Complete section of Chattanooga Shale along e2st side of Kentucky 
Highway 379 and in gulley along old road east of Highway 379, 2.9 miles 
west of Creelsboro, Russell County, Kentucky (Creelsboro quadrangle) . 
Base of measured section is 1,900 feet FKL x 2,225 FEL in Carter 
coordinate, Sec. 15-E-52. Section measured and described using Jacob's 
staff, Abney level, and tape and its radioactivity profile measured 
using scintillation counter by R. C. Kepferle, P. E. Potter, and Linda J. 
Provo, August 3,  1976. . 

Mississippian (incomplete): Thickness 
(feet) 

12. Mudstone, greenish-gray ( 5 G Y  6/1), silty, glauconitic 5 - 0 - t  
Ft. Payne Formation (incomplete): . 

11. Mudstone, olive-gray (5Y 4/1), shaly. . . . . . . . .  - 0.2 
Total Ft. Payne Formation (incomplete). . . . .  5 . 2 +  - 

Devoniap : 
c 

Chattanooga Shale: 
lo., Shale, brownish-black (5YR 2/1), petroliferous odor,. 

abundant pyrite; contact with overlying Ft. Payne 
Formation is sharp and conformable. . . . . . . . . .  0.4 

9 .  Phosphatic nodules, concentrated in layer . . . . . .  0.1 
8 .  Shale, brownish-black (5YR 2/1), slightly silty, 

slightly pyritic, weathers to medium-light-gray 
fissile flakes and chips; phosphate nodules occur 4.4 
feet above base and extend to top with long axes 
oriented at 183O, 188", 190", 193", 200°, 207O, and 
215'. . . . . . . . . . . . . . . . . . . . . . . . .  15.9 

7. ShaZe and mudstone. Shale is brownish-black ( 5 Y R  2/11, 
like unit 6 ,  and burrowed. Mudstone occurs as three 
very thin seams, less than 1 cm. thick; unit poss ib ly  
equivalent to Three Lick Bed. . . . . . . . . . . . .  1.7 
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Devonian I'cont i n u e d )  : 

Chattanooga Shala (continued): 
6 .  

5 .  

4. 

UGR F i l e  83UO 

Univ. of Cincinnati 
April 1975-Dec. 1976 

COO-1650-1 

Th L c kn e s s 
(feet) 

Shale, brownish-black (5YR 2/1), weathers to mediurn- 
light-gray (N6) fissile flakes and chips; slightly 
silty with a few silt laminae one or  two grains 
thick; slightly pyritic; Tasmanites common, and show 
upward increase in abundance; unit forms distinct, 
massive face; at 4.0 feet above base is a light- 
brown (5YR 5 / 6 )  clay parting 1 cm. thick; discontinu- 
ous dolomitic and pyritic layer, 0.1 foot thick, 
occurs E . 4  feet above base of unit. . . . . . . . . .  
Mudstonc: (70 percent) and shale (30 percent). Mud- 
stone i:i brownish black (wet, 5YR 2/1) t o  medium 
dark gray (dry, H 4 ) ,  occasionally mottled with burrows 
paralle'. to bedding; beds range from 0.1 t o  0.8 foot 
i n  thickness. Shale is brownish black (5YR 2/11, 
pyritic; contains Tasmanites, a few clay partings, 
and burzows; upper 0 . 2  foot is a "varved" bed of 
black shale and silt laininae 1.m. thick. . . . . . .  
Shale, black (wet, N1) t o  brownish-black (5YR 2/11, 
weather:; to medium-gray (W5) to light gray  (N7) thin, 
fissile flakes and plates; strong petroliferous odor 
from freshly broken surface; pyrite in stellate nodes; 
abundan: conodonts on bedding plane near top of unit; 
burrowed along bedding planes near base; discontinuous 
conglom2rate 0.2 above base, 0.1 foot thick, contains 
phosphate pebbles and bone frzgnents in sandy matrix. 
Basal contact sharp . . . . . . . . . . . . . . . . .  

Total Chattanooga Shale . . . . . . . . . . .  
Unconfornity. 

Kiddville (? )  Bed: 
3 .  Chert-pebble conglomerate in medium-grained, poorly 

sorted, well-rounded, sand matrix; iron-stained, 
discontinuous . . . . . . . . . . . . . . . . . . . .  

13.1 

4.2 

3.5 - 
38.9  - 

0-0.5 

Boyle (?)  Limestone : 
2 .  Linestone residuum of silt and clay weathered and 

oxidized to moderate brown (5YR 4 / 4 )  to dark yellouish- 
brown ( 1 0 Y R  4 / 2 ) ;  identifiable by chert content and 
position; chert occurs in three fairly continuous 
layers of olive-gray (5Y 4/1) to yellowish-gray 
(5s 8/l),locally banded and mottled irregular n o d u l e s ,  
which range in thickness from 0.2 f o o t  to over 1.0 
foot.. . . . . . . . . . . . . . . . . . . . . . . .  2-3.0 

T o t a l  Boyle ( ? )  Limestone residuum. . . . . .  2-3.0 
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COO - 165 0 - 1 

Unconf onni ty . 
Ordovician (incomplete) : 

Thickness 
(feet) 

Cumberland Formation (incomplete) : 
. .  1. Limestone, olive-gray (vet, 5Y 4/1), light-gray 

(dry, N7), weathers to light olive gray (5Y 7/11 
t o  yellowish-gray (5Y 8/1); silt-sized grains; 
sparse glauconite; uniform, laminated; semi- 
conchoidal fracture; unfossiliferous except as 
burrows indicated by slight mottling; upper contact 
abrupt and uneven with relief as great as 1 f o o t  in 

3.0+ 
. . .  3.0+ Total Cumberland Formation (incomplete) 

10-feet-wide exposure . . . . . . . . . . . . . . . .  - 
- - 

Total section, about. . . . . . . . . . . . .  - 50 

Note: Complete section occurs along highway at 1900 feet FNL x 2,225 
feet FEL of Sec. 15-E-52 and extends to gulley beside highway; top is 
not clearly exposed in gulley, but is well-defined. Orientations of 
phosphate nodules were taken from gulley exposure. Description of 
units 7 through 12 was made along main highway cut, a few hundred feet 
north, where exposures were better. 

SECTION 8 

P l e a s a n t  Grove Section 

Complete seciion of Chattanooga Shale exposed in cut on north side 
of parking lot at %leasant Grove Recreation Area of Dale Hollow Lake, 
3.75 miles northeast of Tennessee Highway 53 b r i d g e  over Obey River at 
Celina, Clay County, Tennessee (Dale Hollow Dam quadrangle). Base of 
section is located 1,675 feet FNL x 150 feet E?lL in Carter coordinate, 
Sec. 19-A-49E. Section measured and described using Jacob's staff, 
Abney level, and tape and its radioactivity profile measured using 
scintillation coun&er by R. C. Kepferle, P. E. Potter, and Linda J: 
Provo, August 4 ,  1376. 

Mississippian (inc 3mplete) : Thickness 
(feet) 

Ft. Payne Formation (inconplete): 
11. LimestoAe (grainstone), medium-light-gray (N6), 

weather; to yellowish-gray (5Y 8/1); coarse- 
grained, crinoidal, stylolitic bedding, dolomitic 
and glauconitic in basal 0.3 foot; silicified in 
discontinuous bands of chert up to 0.3 foot thick 
and less than 1.0 foot apart; chert is medium light 
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UGR Fl le  #XJU 

Univ. of Cincinnati 
April  1975-Dec. 1976 

COO-1650-1 

M i s s i s s i p p i a n  ( c o n t i n u e d ) :  T h i c k n e s s  
( f e e t )  

F t .  Payne Formation ( c o n t i n u e d ) :  
gray ( K 6 ) ,  w e a t h e r s  l i g h t  g r a y  ( N 7 ) ;  b a s a l  c o n t a c t  
e r o s i o n a l  and d isconformable .  Over ly ing  t h i s  9- 
f o o t - t h i c k  u n i t  are a mudstone bank (10 f e e t ) ,  
c r i n o i d a l  p a c k s t o n e  (2  f e e t ) ,  and g r e e n i s h - g r a y  
s h a l e  i n t e r b e d d e d  w i t h  t h i n  d o l o m i t i c  and c h e r t y  
v a c k e s t o n e s  (16 f e e t )  . . . . . . . . . . . . . . . .  37.0+ 

T o t a l  Ft. Payne Formation ( i n c o m p l e t e ) .  . . .  - 37+ - 
Maury S h a l e :  

10. P h o s p h a t i c  n o d u l e s  i n  matrix of ye l lowish-gray  
(5Y 7/2) s h a l e .  Nodules  a re  s p h e r i c a l  t o  e l o n g a t e  
and o r i e n t e d  a t  117", 121"; 1 2 4 O ,  134",  139",  146", 

0.6 170", 203", and 218". . . . . . . . . . . . . . . . .  - 
0.6 T o t a l  Maury S h a l e  . . . . . . . . . . . . . .  - - 

Devonian (?)  : 

Chattanooga S h a l e :  
9. S h a l e ,  g r a y i s h - b l a c k  ( N 2 ) ,  w e a t h e r s  d a r k  g r e e n i s h -  

g r a y  (5GY 4 / 1 ) ;  o c c a s i o n a l  s i l t  laminae ;  p h o s p h a t e  
p e b b l e s  abundaat  i n  upper  0 .2  f o o t ;  s l i g h t l y  p y r i t i c  
w i t h  f a i r l y  c o n t i n u o u s  zone of  1-3 cm. p y r i t e  n o d u l e s  
a b o u t  0 .3  f o o t  above b a s e  and s c a t t e r e d  t h r o u g h o u t ;  
t r a n s l u c e n t ,  w h i t e  conodonts  common; sparse L i n g u l a  
a b o u t  1 .0  f o o t  below t o p .  5.3 . . . . . . . . . . . . . .  

8. S h a l e ,  l i k e  u n i t  9 .  In this u n i t  o c c u r  t h r e e  bur roued  
z o n e s ,  2 cm.  t h i c k ,  at b a s e ,  0 . 1  f o o t  above,  and a t  
top;  burrows are  2-3 m. wide,  w i t h  dusky y e l l o w  
(5Y 6 / 4 )  f i l l ,  and some v e r t i c a l  burrows e x t e n d  down- 
ward i n t o  u n d e r l y i n g  b l a c k  s h a l e  a s  much as 0 .1  f o o t ;  
basal burrowed zone c h a r a c t e r i z e d  by g r e a t e r  abundance 
of and smaller s i z e  o f . b u r r o w s ;  p r o b a b l e  c o r r e l a t i v e  
o f T h t e e L i c k B e d  0.7 . . . . . . . . . . . . . . . . . .  

7.  S h a l e ,  g r a y i s h - b l a c k  (NZ), l i k e  u n i t  9 ,  w i t h  silty 
b l e b s  ( b u r r o w s ? ) ;  b a s e  is marked by l o v e s t  o c c u r r e n c e  
of  p h o s p h a t e  n o d u l e s .  4 . 4  . . . . . . . . . . . . . . . .  

6 .  S h a l e ,  g r a y i s h - b l a c k  ( N 2 ) ,  l i k e  u n i t  9 ,  s e v e r a l  t h i n  
p y r i t e  seams and s i l t  l aminae ;  wood f r a g m e n t s  o r i e n t e d  
a t  72" and 104",  3.8 feet  above b a s e ;  2 .8  f e e t  above 
base is a zone of e l o n g a t e ,  1-2 mm. t e t r a g o n a l ( ? )  
c r y s t a l s  and c r y s t a l  casts (sampled) .  . . . . . . . .  5 . 1  
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COO-1650-1 

Devonian (continued) : Thickness 
(feet) 

5. Burrowed zone, with burrows not well-defined. . . . .  0.4 
Chattanooga Shale (continued) : 

4. Shale, black (Nl), dense. . . . . . . . . . . . . . .  0.7 

0.4 
Total Chzttanooga Shale . . . . . . . . . . . .  17.0 

3. Shale, olive-black (5Y 2/1) . . . . . . . . . . . . .  - 
- 

Unconformity. 

Boyle ( ? )  Dolomite (incomplete): 
2. Limestone layer, pyritic, glauconitic . . . . . . . .  0.1 

1. Dolomite, olive-gray (5Y 5/1), weathers light brown 
(5YR 5/61; cherty; silicified brachiopods stand out 
in relief . . . . . . . . . . . . . . . . . . . . . .  0.7+ 

Total Boyle  (? )  Dolomite (incomplete) . . . . . . .  - 0.7+ 

Total saction, about . . . . . . . . . . . . .  55 - - 
This section is near section 16 of Conant and Swanson (1961, pl. 11, 

where 16.2 feet of shale are assigned to the Gassaway Kember (Conant and 
Swanson, 1961, pl. 12). Thus, unit 3 above may correlate with the 
Dowelltom Member to the south. 

SECTION 9 

Flat Gap Road Section 

Incomplete section of Chattanooga Shale and Grainger Formation 
exposed for 0.55 mile in roadcuts and creek beds along northeastern 
side of Tennessee Highway 31 (Flat Gap Road); top of Chattanooga Shale 
is located 4.25 miles north of junction of U . S .  Highway 11W and 
Tennessee Highway 3.1 at Mooresburg, Hawkins County, Tennessee (Lee 
Valley quadrangle), 2,475 feet FSL x 2,875 feet FWL in Carter Coor- 
dinate, Sec. 24-IS-76E. Section measured, described, and sampled, 
and its radioactivizy profile measured using Jacob's staff, Abney 
level, tape, compass, and scintillation counter by R. C. Kepferle, 
P. E. Potter, and Linda J. ProvC), August 5 ,  1976. 
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COO-1650-1 

Mississippian (incomplete): 

Grainger Formation (incomplete) : 

Thickness 
(feet) 

Basal siltstone member (incomplete): 
27.  Interbedded siltstone (90 percent) and shale (10 

percent). Siltstone is olive-gray (5Y 5/1), weathers 
dark yellowish-orange (10YR 6 / 6 ) ,  uniform micaceous, 
noncalcareous; beds with sharp, planar bases; bed 
thickness increases upward from 0.1-0.3 foot at bzse 
to as much as 1.4 feet at 6 feet above base; possible 
Bouma sequences Tabc in some beds; lumpy sole marks 
and low-relief flute marks rare, oriented at 207O 
with blunt end toward northeast. Shale is olive-gray 
(5Y 4/11, silty, uith grain size fining upward, 
poorly laminated, with thin elongate and flattened 
siderite nodules in fossiliferous beds comonly less 
than 0.3 foot thick. Basal parts of shale beds nay 
represent Te in Bouma (1962) sequence. Strike, 85"; 
dip, 26"s.. . . . . . . . . . . . . . . . . . . . .  

Total Grainger Formation (incomplete) . . . .  

Devonian (incomplete): 

Chattanooga Shale (incomplete): 
26. Shale (90  percent) and siltstone (10 percent). Shale 

is medium dark gray ( X 4 )  with olive-gray cast, weathers 
medium light gray (N6) to light gray (N7); thinly 
laminated, noncalcareous; 50 feet below top shale is 
medium dark gray (dry, N4) to olive-black (wet, 5Y 2/11, 
pyritic, weathers subconchoidally and to saall splinter; 
rare, noncalcareous nodules with limonitic crust, 2 
feet long and 0.2 foot thick, a1or.g some bedding ?lanes; 
bedding cuf.by joints and fractures. 

Siltstone is olive-gray (wet, 5Y 4/1) and medium light 
gray (dry, N6), weathers light. gray ( N 7 )  with moderate 
yellowish-brown (10YR 5 / 4 )  limonitic stain, micaceous, 
pyritic, with fine specks of disseminated organic (?)  
d.ebris; laminated, with Tab Bouma (1962) sequences in 
beds commonly less than 0.2 foot thick, slightly 
graded; in upper part  of unit sole marks include 
flute casts at 244" with blunt end toward east; silt- 
stone beds increase in abundance upward in unit, with 
a bundle of siltstone beds less than 2 feet thick 
occurring 3 to 5 feet below top of unit. Discontinu- 
ous clay ironstone nodules, 2-3 cm. thick occur through- 
out unit. Beds strike 68", dip 26"s. . . . . . . . .  90 
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COO-1650-1 

Devonian ( con t inued) :  

Chattanooga Sha le  ( con t inued) :  

Thickness  
( f e e t )  

25. 

24. 

23. 

22. 

21. 

20. 

19. 

18. 

17. 

Covered i n t e r v a l  between end o f  highway c u t  and 
c reek  bed t o  n o r t h e a s t .  . . . . . . . . . . . . . . .  40 

Shale ,  brownish-black (dry ,  5YR 2/1) t o  b l a c k  (wet,  
Nl), weathers  l i g h t  g ray  (N7). s l i g h t l y  s i l t y ,  
p y r i t i c ,  rare Tasmanites ,  and f i s h  scale (? )  f rag-  
ments; j o i n t s  coa ted  w i t h  moderate reddish-brown 
(10R 4/61 l i m o n i t i c  m a t e r i a l ;  exposed i n  s t r eam 
east of c u l v e r t ,  where beds s t r i k e  9 S o ,  d i p  30"s. 
Sampled abou t  1 f o o t  below top .  . . . . . . . . . . .  6 

Covered i n t e r v a l  a long  road t o  n o r t h ,  probably 
s h a l e  l i k e  u n i t  24. . . . . . . . . . . . . . . . . .  20 

Shale ,  l i k e  u n i t  2 4 ,  h i g h l y  weathered exposure i n  
farm l a n e  east  of Tennessee Highway 33 about  50 
f e e t f r o m r o a d .  . . . . . . . . . . . . . . . . . . .  5+ 

S i l t s t o n e ,  v e r y  l i g h t  o l ive-gray  (SY 7 / 1 ) ,  muddy; 
l imon i t e - s t a ined  j o i n t s ;  s h a r p  c o n t a c t  w i t h  over- 
l y i n g  s h a l e ;  s t r i k e  78"; d i p  29"s . . . . . . . . . .  3 

C o v e r e d . .  . . . . . . . . . . . . . . . . . . . . .  35 

S i l t s t o n e ,  l i g h t  o l ive-gray  (5Y 6/1), weathers  
yel lowish-gray ( 5 Y  7 / 1 ) ,  nonca lcareous ,  coarse-  
s i l t - s i z e d  g r a i n s ,  l i m o n i t i c  s t a i n  on weathered 
s u r f a c e s ;  bedding i r r e g u l a r  and d i s r u p t e d ,  sugges- 
t i n g  burrowing;  d a r k ,  c l a y e y  laminae a re  o l i v e -  
gray (5Y 4 / 1 ) ;  bedding t h i n s  and g r a i n - s i z e  f i n e s  
toward base  of exposure,  g rad ing  i n t o  s i l t s t o n e  * 

in te rbedded  w i t h  s i l t y  s h a l e  c o n t a i n i n g  d i s c o n t i n -  
uous c l a y  i r o n s t o n e  nodules .  Exposure,  o p p o s i t e  
Gordon home, weathers  t o  e l o n g a t e  plates  and c h i p s  
w i t h  i r r e g u l a r ,  lumpy s u r f a c e s .  . . . . . . . . . . .  25 

Covered; p r o j e c t e d  a long  road from b a s e  of over- 
l y i n g  u n i t .  . . . . . . . . . . . . . . . . . . . . .  105 

S i l t s t o n e ,  medium l i g h t  g ray  (N6) t o  medium d a r k  
gray  (N4) when d ry ,  o l ive -g ray  (5P 4/11 when w s t ;  
p y r i t i c ,  burrowed, somewhat l amina ted ,  p a r t i n g  
s u r f a c e s  corsmonly l a s s  than  0.1 f o o t  t h i c k ;  s t e e p l y  
d ipping  f a u l t  p l a n e  bounds lower l i m i t  of u n i t .  . . .  8 

F a u l t  . 



UGR F i l e  Y3"" 

Univ. of Cincinnati 
April 1975-Dec. 1976 

COO-16 5 0 - 1 

Devonian (continued): 

Chattanooga Shale (continued): 
16. Siltstone, like unit 17, in a thinning-upward 

cycle in which beds in upper half part along 
muddy layers less than 1 cm. thick; bedding 
surfaces burrowed, with curly, meandering trace 
fossils (Scalarituba missouriensis); lower half 
of unit is massive-weathering with slickensided 

Th ic kne s s 
(feet) 

surfaces. Wood fragrsent, 10 cm. long, oriented 
at 282". Strike 85", dip 31"s. . . . . . . . . . . .  1322 

0 

15. Siltstone, like unit 17, in a thinning upward 
sequence in which basal 4 feet are massive with 
slickensided face and upper 3 feet are shaly- 
weathering owing to laminae of darker, argilla- 
ceous material; burrowed. . . . . . . . . . . . . . . .  7 

14. Siltstone, light gray (N7) with interlaminated 
medium dark gray (N4) clayey silt, ripple-cross- 
laminated in massive, blocky-weathering beds; 
sole marks; burrows near tops of beds, medium- 
dark gray (N4) to olive-black (5Y 2/1) argilla- 
ceous and carbonaceous partings about 0.3 foot 
thick. Basal 10-12 feet is more carbonaceous and 
weathers to thin plates and fissile chips. As a 
whole, unit 14 is a thickening upward sequence 
interrupted by two or three platy-weathering 
zones less than a foot thick. . . . . . . . . . . . .  45 

13. Deformed zone. Shale and siltstone contorted; 
likely that disturbance is associated with 
shalier portions of this zone . . . . . . . . . . . .  20 

12. Siltstone (80 percent) and shale (20 percent). 
Siltstone is medium gray (N5) to light o l ive -  
gray (5Y 6/1), limonitic weathering stain, 
micaceous along bedding planes-; planar lamination 
counon, ripple lamination less cornon, Tab and 
possible Tabc sequences of Bouma (1962); maximum 
bed thickness 2 feet. Shale is medium gray (N5) 
to olive-gray (5Y 4/1); shaly-weathering ledge, 
1.2 feet thick at base, vitrain layer at top. 
Unit 12 is a sequence in which beds thicken toward 
middle of unit from lower and upper boundaries; 
two thinning upward cycles eash about 10 feet 
thick occur in basal 20 feet. . . . . . . . . . . . .  50 
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UGR F i l e  #3U0 

Univ, of Cincinnati 
Apri l  1975-Dec. 1976 

COO-1650-1 

. .  

Devonian (continued) : Thickness 
(feet) 

Chattanooga Shale (concinued): 
11. Shale and siltstone interlaminated in subequal 

amounts (90 percent), and mudstone (10 percent). 
Siltstone is medium gray (NS) to light olive- 
gray (5Y 6/1) in beds less than 1 cm. thick. 
Mudstone is dark greenish-gray (5GY 6/11,  weathers 
yellowish-gray ( 5 Y  8/1), silty, micaceous, beds 
occur 2.1, 4.9, 10.2, 1 5 . 6 ,  1 6 . 2 ,  16 .8 ,  17.3, 
18.7, 20.1, and 20.4 feet'above base of unit. 
Basal and upper contacts of unit sharp; basal 
0.2 foot is olive-black (5Y 2/1) shale. . . . . . . .  21 

10. Shale ar;d interlaninated siltstone, like unit 11 
but less resistant and less carbonaceous. Silt 
laminae are medium gray (N5) and are typically 
less than 2 nun. thick, rarely in beds up to 2 cm. 
thick. 
than 1 mm. thick. Two greenish-gray (5GY 6/1) 
mudstone and shale beds, 0.1 foot Ghick, occur 
at 31 and 37 feet above base. Near base, unit is 
shalier and pale yellowish-brown (5YR 6/2), weathers 
light brown (SYR 6/4). Foerstia (sampled) coinmon 
to abundant in zone, 43 feet thick, beginning 13 
feet above base . . . . . . . . . . . . . . . . . . .  57 

Clay laminae are dark gray ( N 3 )  and less 

9 .  Covered; offset to creek bed to northeast . . . . . .  97 

8.  Mudstone with interbedded siltstone exposed in 
creek. Mudstone is olive-gray ( 5 Y  7/1), slightly 
silty, in beds 0.1 to 0.2 foot thick. Siltstone 
is grayish-orange ( IOYR 7/4), with limonitic stain, 
planar lamination; evenly bedded with beds lensing 
locally . . . . . . . . . . . . . . . . . . . . . . .  1+ 

7 .  Shale, brownish-black ( 5 Y R  2/1), fissile, brittle, 
with  silty laminae one or two grains thick; 
unidentifiable black (fish part?) debris and 
conodonts; limonite-stained joints and parting 
surface; sampled. . . . . . . . . . . . . . . . . . .  1.5 

6 .  Clay mudstone, like unit 8 .  . . . . . . . . . . . . . .  0.1 

5 .  Shale, brownish-black (5YP. 2/1), l i k e  unit 7 .  . . . .  0.5 

4. Mudstone, olive-gray ( 5 Y R  4/1) to dusky brown 
( 5 Y R  2 /21 ,  slightly silty . . . . . . . . . . . . . .  0.3 
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COO-1650-1 

Devonian (continued): Thickness 
(feet) 

Chattanooga Shale (continued): 
3 .  Shale, brownish-black (5YR 2/1), like unit 7, 

rare, black spores; dip 40" . . . . . . . . . . . . .  11 
2 .  Covered.. . . . . . . . . . . . . . . . . . . . . .  90 
1. Exposure at dip slope opposite green dumpster. 

Shale, like unit 7 ,  spores abundant; interbedded 
at base with greenish-gray mudstone. D i p  37" . . . .  - 10+ 

Total Chattanooga Shale (incomplete). . . . .  761.4 
Total section, about. . . . . . . . . . . . .  771 - - 

[Note: 
as used by Hasson (1973, p. 211.1 

Units 22 through 26 may be equivalent to Big Stone Gap Member 

SECTION 10 

Mountain Branch Section 

Incomplete section of Ohio Shale and Berea Sandstone exposed in 
drainage of Mountain Branch of Elkhorn Creek and along access road to 
Johnson Brothers Limestone Quarry, off Kentucky Highway 197, 4.7 miles 
south of junction with Kentucky Highway 80 in Elkhorn City, Pike 
County, Kentucky. Base of section is in gulley 1,000 feet FNL x 100 
feet FA of Sec. 24-5-86; top of section is along access road 1,950 
feet FNL x 100 feet FEL Sec. 25-J-86 (Hellier quadrangle). Base of 
supplementary section is in fault contact with Pennsylvanian sandstone 
also exposed along access road 700 feet FNL x 925 feet FEL Sec. 25-5-86, 
Section measured, described, and.sampled using Jacob's staff, tape, 
Abney level, and Brunton compass and its radioactivity profile measured 
using scintillometer by R. C. Kepferle, P. E. Potter, and Linda J. 
Provo, June 15-16, 1976. 

Mississippian: Thickness 
(feet) 

Berea Sandstone (incomplete): 
2 9 .  Covered to top of interval with float blocks of 

Berea Sandstone exposed in ditch and on s lope  
above ditch . . . . . . . . . . . . . . . . . . . . .  45+ 

28. Siltstone (90 percent) and shale (10 percent). 
Siltstone is medium gray (NS) to light olive 
gray (5Y 6/1), weathers yellowish gray (5Y 7 / 2 1  
to grayish yellow (SY 8 / 4 ) ;  massive; load casts 
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COO-1650-1 

. 

. .  

Miss i s s ipp ian  ( con t inued) :  Thickness  
( f e e t )  

Berea Sandstone (cont inued) :  
on s o l e s ;  maximum bed t h i c k n e s s  2.5 f e e t  w i th  * 

bed th i ckness  g e n e r a l l y  i n c r e a s i n g  upward. 
In te rbedded  s h a l e  is g reen i sh  gray (5Y 5/11, 
weather ing  t o  ye l lowish  gray (5Y 6/11 . . . . . . . .  47 

27. Sha le  (90 p e r c e n t ) ,  greenbsh-gray (5Y 5/1), as 
above; w i t h  a few s i l t s t o n e  i n t e r b e d s  (10 pe r -  
c e n t )  c o n t a i n i n g  b l ack ,  carbonaceous d e b r i s ,  as 
above; s i l t s t o n e  beds t y p i c a l l y  0.3 f o o t  t h i c k ;  
c o n t a c t  w i t h  under ly ing  Ohio Shale  is sha rp  and . . . . . . . . . . . . . . . . . . . . .  9 conformable - 

T o t a l  Berea Sandstone . . . . . . . . . . . .  .__ 101+ 

Devonian : 

Ohio Shale  ( incomplete)  : 
26. Shale ,  brownish-black (5YR Z / l ) ,  f i s s i l e ,  w i t h  

some da rk  gray (N3) s i l t i e r  beds which are less 
f i s s i l e  and weather s p h e r o i d a l l y ;  o r b i c u l o i d  and 
l i n g u l o i d  brachiopods sparse t o  common i n  upper 
12 f e e t ;  lowermost 10 t o  1 2  f e e t  a r e  covered;  
sampled a t  upper c o n t a c t  and 28 f e e t  above b a s e  . . .  39 

25. Dis turbed  zone of con to r t ed  b l a c k  s h a l e  beds .  7 . . . .  
24. Sha le ,  o l ive-b lack  ( 5 Y  2/1), s i l t y ,  micaceous, 

b r i t t l e ,  l a s i n a t e d  b u t  no t  f i s s i l e  i n  lower 15 
f e e t  w i t h  f i s s i l i t y  improving upward, blocky 
weather ing;  red-brown Tasmanites spo res ,  L ingula  
s p a r s e  n e a r  base;  b l ack  carbonaceous d e b r i s  as 
sand- and s i l t - s i z e d  f l e c k s ,  th roughout ,  i n t e r -  
bedded w i t h  t h i n ,  0.1 f o o t  l e n t i c u l a r  t o  nodu la r ,  
dark-gray ( N 3 )  t o  medium dark-gray (N4) s i l t s t o n e  
beds throughout .  Maximum t h i c k n e s s  of s i l t s t o n e  
beds is 1.0 f o o t  a t  70 f e e t  above base  (sampled) .  
Sha le  sampled a t  base and 50 f e e t  above base .  . .  

23. S i l t s t o n e  and mudstone. S i l t s t o n e  is l i g h t  b lu i sh -  
gray (5B 7/1) ,  weathers  grayish-orange (10YR 7/4)  , 
uniform, a r g i l l a c e o u s ;  micaceous; abundant f l e c k s  
of b1a:k carbonaceous d e b r i s ;  p l a n a r  and c ross -  
laminazion and rare ,  f a i n t  c u r r e n t  l i n e a t i o n  OR 
s o l e s  of beds commonly 0.1 t o  0.5 f o o t  t h i c k ;  
s i l t s t o n e  beds b e s t  developed and most abundant 
5-25 f e e t  above base  of u n i t - w h e r e  i s  makes up 

. . 77 
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Devonian ( con t inued) :  Thickness  
( f e e t )  

Ohio Sha le  (cont inued) :  
60 pe rcen t  of u n i t ;  less abundant upward i n  
u n i t ;  i n t e rbedded  and i n t e r g r a d a t i o n a l  w i t h  
mudstone. Mudstone i s  l i g h t  o l i v e  gray  (5Y 5/21 
t o  o l i v e  gray  (5Y 3/2) t o  da rk  g reen i sh  g r a y  
(5GY 4 / 1 ) ,  i n  beds 0 . 1  t o  1 .0  f o o t  t h i c k ;  
s l i g h t l y  s i l t y  and micaceous; subconchoida l  
f r a c t u r e ,  i n c i p i e n t  s h a l y  p a r t i n g  Roorly devel-  
oped; l i m o n i t i c  s t a i n .  More r e s i s t a n t  beds  of 
s i l t y  mudstone i n  beds 0 .1  t o  0 .4  f o o t  t h i c k  
have uneven f r a c t u r e ,  l o c a l l y  sharp-based, 
mottled due t o  b i o t u r b a t i o n  ( ? ) ;  r a r e ,  small 
f l e c k s  of s h i n y  b l a c k  carbonaceous matter; ovoid 
l i m o n i t i c ,  c l ayey  nodules  0.2 f o o t  i n  d i ame te r  
at 45 and 110 f e e t  above b'ase. Mudstone beds  
more abundant i n  upper  120 f e e t  of u n i t  and 
g r a d u a l l y  become more f i s s i l e  upward i n  s e c t i o n ;  
mudstone sampled a t  7 and a t  142 f e e t  above b a s e ;  
s i l t s t o n e  sampled a t  1 0  and 1 4 3  f e e t  above base. . . 147 

22. Shale ,  o l i v e - b l a c k  ( 5 Y  2/1) t o  o l ive-grzy  (5Y 3/11, 
micaceous; s i l t y ,  w i t h  numerous v e r y  t h i n  silt  
laminae one or t w o  g r a i n s  t h i c k ;  s i l t y  laminae  
are more. abundant i n  a zone 1 0  t o  1 2  f e e t  above 
base  o f  u n i t ,  i n t e r m e d i a t e  i n  c o l o r  between p a l e  
yel low brown (10YR 5 / 2 )  and brownish-gray (5YR 4 / 1 ) ;  
burrowing i n  s i l t y  laminae i n  uppermost f o o t  of 
u n i t  w i t h  a 0 .1- foot - th ick ,  l i gh t -o l ive -g ray  
( 5 Y  6/11 s i l t s t o n e  bed; abundant b l a c k  c o a l y  
p l a n t  remains as such  as 1 c m .  i n  l e n g t h  a l o n g  
bedding p l a n e s ;  few d a r k  brown t o  b l a c k  s p o r e s .  
About 18 f e e t  above b a s e  of u n i t  i s  a low a n g l e  
f a u l t  which o f f s e t s  bedding. 
a t  7 f e e t  above base .  Ravine e n t e r s  from east 
j u s t  above b a s e  of t h i s  u n i t .  . . . . . . . . . . . . 34 

Sampled b l a c k  s h a l e  

21. Dark s h a l e  (80 p e r c e n t )  and l i g h t  mudstone (20 
p e r c e n t ) ,  i n t e rbedded  i n  about  25 c o u p l e t s .  
Dark s h a l e  is brownish-black (5YR 2/21,  r a r e l y  
medium g ray  (M), i n  beds  r ang ing  from less t h a n  
1 f o o t  t o  as  much as 9 f e e t  t h i c k ;  micaceous; 
q u a r t z o s e  s i l t  i n  l i g h t e r  co lo red  laminae ,  which 
may p inch  and s w e l l ;  abundant r e s i n o u s  Tasmani tes  
spo res ;  and rare s i l t - f i l l e d  burrows. Piudstone 
i s  g r e e n i s h  gray  ( 5 G Y  5/1)  t o  medium l i g h t  g r a y  
(N6), wea the r ing  t o  g r a y i s h  ye l low green  (5GY 7 / 2 1 ,  
subconchoids l  t o  f l aggy  f r a c t u r e ;  f r a c t u r e s  coa ted  
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. .  

. .  

Devonian ( con t inued) :  

Ohio Sha le  (cont inued)  : 
w i t h  hemat i t e ,  da rk  yellowish-orange (10YR 6/6) 
t o  pale reddish-brown (10R 5 / 4 ) ;  f i n e  f l e c k s  of 
b l a c k  o rgan ic  matter. Boundaries between beds 
sha rp .  Couplets  are t h i n n e s t  i n  a zone 5 f e e t  
t h i c k  beginning  23 f e e t  above base  of u n i t .  
Unit is  more r e s i s t a n t  and hackly i n  appearance 
on s l o p e  than  is  under ly ing  u n i t  20. Sampled 
greenish-gray mudstone 15 f e e t  above base  and 
brownish-black s h a l e  15.5 f e e t  above base  . . . .  

20 .  Mudstone (70 pe rcen t )  and s i l t s t o n e  to very  f ine -  

- 

Thickness  

. .  

gra ined  sands tone  (30 p e r c e n t ) .  
g ray  (N7), micaceous,  c o n t a i n s  very f i n e  b l a c k  
s h r e d s  of o rgan ic  ma t t e r ;  c o n t a c t  g r a d a t i o n a l  
wfth ove r ly ing  brownish-black s h a l e ;  t h i n ,  car- 
bonaceous s h a l e  near  middle of u n i t .  S i l t s t o n e  
is l i g h t  o l i v e  gray (5Y 6/1), l amina ted ,  i n  
d i s c r e t e  beds less t han  0 . 1  f o o t  t h i c k  i n  lowes t  
5 f e e t  o f  u n i t  and becoming less w e l l  de f ined  
upward i n  t h e  u n i t .  Sampled s i l t s t o n e  7 f e e t  
above base  and mudstone a t  6.5 feet  above base. . . .  

Mudstone i s  l i g h t  

19 .  Covered i n t e r v a l .  . . . . . . . . . . . . . . . . . . .  
18. Sha le ,  dusky brown (SYR 2/2) t o  dusky ye l lowish  

brown (10YR 2 / 2 ) ,  weathers  dark yel lowish  brown 
(10YR 4 / 2 )  t o  g r a y i s h  brown (5YR 3 / 2 1 ,  s i l t y ,  
l amina ted ,  micaceous; sampled 3 f e e t  above base  . . .  

17. Covered i n t e r v a l .  . . . . . . . . . . . . . . . . . .  
16. Mudstone (60 pe rcen t )  and s i l t s t o n e  (40 p e r c e n t ) .  

Mudstone is green i sh  gray  (5GY 5/1), weathers  
l i g h t  g r e e n i s h  gray (5GY 7/1). S i l t s t o n e  and 
s i l t y  s h a l e  are l i g h t  o l ive-gray  (5Y 6 / 1 ) ,  
weather  moderate ye l lowish  brown (10YR 5 / 4 ) ,  
p l a n a r  l amina t ion ,  i n  beds 2-4 cm. t h i c k .  E igh t  
feet above base  is a 1-foot  t h i c k  l imon i t e -  
cemented zone which may be r e l a t e d  t o  a f a u l t  
a l o n g  bedding p lane ;  sampled l i m o n i t i c  zone 8 
f e e t  above base  and mudstone 10 f e e t  above b a s e  . . .  

15. Covered i n t e r v a l .  . . . . . . . . . . . . . . . . . .  

( f e e t )  

63 

20 

7 

5 

18 

18 

12 
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Devonian ( c o n t i n u e d ) :  

Ohio S h a l e  ( c o n t i n u e d ) :  
14. 

13. 

12. 

11. 

10. 

9.  

8 .  

7. 

6. 

Thickness  
( f e e t )  

Mudstone, greenish-gray  (5GY 5 / 1 ,  l i k e  u n i t  1 6 ;  
and s i l t s t o n e ,  l i g h t  o l i v e - g r a y  ( 5 Y  6/11, l i k e  
u n i t  16; sampled mudstone 2 f e e t  above b a s e  of 
u n i t  and s i l t s t o n e  3 f e e t  above b a s e  of  u n i t .  . . . .  25 

Covered by r e c e n t  (?)  s l i d e  material. . . . . . . . .  1 2 5  

Mudstone (80-90 p e r c e n t ) ,  g reenish-gray  (5GY 5/11 ,  
and t h i n  si1ts:one (10-20 p e r c e n t ) ,  l i g h t  o l i v e -  
g r a y  (5Y 6/1), p o o r l y  i n d u r a t e d ,  mass ive  bedding;  
sampled s i l t s t o n e  2 1  f e e t  above b a s e  and  mudstone 
a t  21.5 f e e t  above b a s e  . . . . . . . . . . . . . . .  40 
Covered i n t e r v a l ,  may be  mudstone. Under ly ing  
u n i t s  are  measured and d e s c r i b e d  from unnamed 
g u l l e y . .  . . . . . . . . . . . . . . . . . . . . . .  84 

Mudstone (80 p e r c e n t ) ,  g reenish-gray  (5GY 6/1) 
and t h i n  i n t e r 5 e d s  of d a r k  s h a l e  (20 p e r c e n t ) ;  
sampled mudstone a t  t o p  of u n i t  . . . . . . . . . . .  6 

Mudstone, o l i v e - g r a y  ( 5 Y  4/1) t o  greenish-gray  
(561 5/1) i n t e r b e d d e d  w i t h  e q u a l  a z o u n t s  of  
s h a l e ,  b l a c k  (Nl) t o  o l i v e - b l a c k  (5Y 2/1); 
f i s s i l e ,  b r i t t l e ,  f r a c t u r e d ,  micaceous,  carbona-  
c e o u s ,  T a s a a n i t e s  s p o r e s ;  sampled d a r k  s h a l e  3 
f e e t a b o v e b a s e .  7 . . . . . . . . . . . . . . . . . .  
S h a l e  (80 p e r c e n t ) ,  b l a c k  ( N l ) ;  w i t h  t h r e e  i n t e r -  
bedded greenish-gray  s h a l e  b e d s  r a n g i n g  i n  t h i c k -  
n e s s  from less t h a n  0 .1  f o o t  t o  0.4 f o o t  and 
s e p a r a t e d  by a t  l e a s t  1 f o o t  o f  b l a c k  s h a l e ;  
sampled 7 f e e t  above b a s e  . . . . . . . . . . . . . .  13 
S h a l e  and mudstone i n  e q u a l  amounts;  s h a l e  l i k e  
u n i t  4 and mudstone l i k e  u n i t  5;  beds  0 .1  t o  0.3 
f o o t  t h i c k  i n  5 o r  6 c o u p l e t s ;  numerous minor 
f r a c t u r e s  c r o s s c u t  u n i t  o b l i q u e l y  w i t h  o f f s e t  up 
t o  0.1 f o o t ;  sampled. . . . . . . . . . . . . . . . .  5 

Mudstone (70 p e r c e n t ) ,  l i k e  u n i t  5 ,  i n t e r b e d d e d  
w i t h  b l a c k  s h a l e  beds  l i k e  u n i t  4 less t h a n  0 . 1  
foot  i n  t h i c k n e s s ;  mudstone beds  0.3 t o  0.8 f o o t  
t h i c k ;  sampled 4 f e e t  above b a s e .  . . . . . . . . . .  12 
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Devonian ( con t inued) :  

Ohio Sha le  (cont inued) :  
5. Mudstone, o l ive-gray  ( 5 Y  4/1) t o  greenish-gray 

(5GY 5/1), b r i t t l e ;  p a r t l y  covered;  sampled 
3 f e e t  above base  . . . . . . . . . . . . . . .  

Thickness  
( f e e t )  

. . 15 

4. Shale ,  b l a c k  (Nl) t o  o l ive -b lack  ( 5 Y  2/1), 
f i s s i l e ,  b r i t t l e ,  f r a c t u r e d ,  carbonaceous;  
micaceous,  Tasnan i t e s  s p o r e s ;  sampled 5 and 15 
f e e t  above b a s e  . . . . . . . . . . . . . . . . . . .  22 

I 

3.  Covered i n t e r v a l .  . . . . . . . . . . . . . . . . . .  25 

2. Sha le ,  g ray ish-b lack  (N2), highly f r a c t u r e d ,  
carbonaceous;  top  of u n i t  covered;  sampled. . . . . .  5 

1. Covered i n t e r v a l ,  t o  stream g u l l e y  below. . . . . . .  - 20 
Total Ohio Sha le  ( incomple te )  . . . . . . . .  851f - - 
T o t a l  s e c t i o n  measured. . . . . . . . . . . .  952 - - 
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APPENDIX 2 .  --SAMPLE NUMBER, URANIUH CONTENT, AND LOCATION OF OUTCROP 
AND CORE SANVLES ANALYZED FOR U W X 1 U z . I  OXIDE. 

SAMPLE 
NUMBER 

17317 

17318 

17319 

17320 

' 17321 

17322 

17323 

17324 

17325 

'3'8 
( P P d  

74 

47 

36 

19 

36 

26 

37 

11 

20 

LOCAT I O N  

Roadcut i n  Chattanooga Shale  on Kentucky Highway 90, 2 
m i  e a s t  of b r i d g e  over  Cumberland River a t  Burkes- 
v i l l e ,  Cumberland, County, Kentucky; 0.1 m above 
b a s a l  c o n t a c t .  

Same l o c a t i o n ;  a t  upper con tac t  of Chattanooga Shale .  

Outcrop of Chattanooga Shale  i n  P u l a s k i  County Park ,  
on Kentucky Highway 1248, 1 .3  m i  n o r t h  of i ts 
j u n c t i o n  w i t h  Kentucky 80 (7.2 m i  west-southwest of 
West Somerset,  P u l a s k i  County, Kentucky). 

Outcrop of Chattanooga Shale  a t  dead end of Rin'ggold 
Road, 4 .2  m i  from i t s  j u n c t i o n  w i t h  Cumberland 
Parkway a t  Somerset,  P u l a s k i  County, Kentucky; 
1 . 7 5  m below upper c o n t a c t .  

Roadcut i n  New Albany Shale  on west s i d e  of U .  S. 
Highway 127,  about  1 .3  m i  n o r t h e a s t  of L i b e r t y ,  
Casey County, Kentucky. 

Outcrop i n  New Albany Shale  on d i r t  l a n d ,  j u s t  b e f o r e  
descent  t o  Dix River  Val ley ,  0.5 m i  n o r t h  of U .  S. 
Highway 150 about  0 .75 m i  east of Crab Orchard,  
Lincoln County, Kentucky. 

Outcrop of New Albany Sha le  i n  bed of Mason Fork of 
F l i n t  L ick  Creek, on unnased secondary road o f f  
Kentucky Highway 9 5 4 , - 3  m i  southwest  of Berea, 
Garrard County, Kentucky. 

Outcrop of New Albany Shale  on w e s t  s i d e  of Dogwood 
Drive, n o r t h  of Kentucky Highray 2 1  about  0 .6  m i  
west of Berea,  Madison County, Kentucky: 0.9 m 
above b a s a l  c o n t a c t .  

Roadcut i n  New Albany Sha le  on n o r t h  s i d e  of unnamed 
road 0.9 mi east  of i t s  j u n c t i o n  w i t h  U.  S .  High- 
way 4 2 1 ,  about  0.1 m i  sou th  of j u n c t i o n  of U. s. 
421 and Kentucky 21, Big H i l l ,  Madison County, 
Kentucky. 
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. 

SAMPLE 
NlJlfBER 

17326 

17327 

17328 

17329 

17330 

17331 

17332 

17333 

17334 

17335 

17336 

'3'8 
( P P d  

29 

27 

33 

19 

28 

29 

17 

6 2  

27 

25 

28 

LOCAT ION 

Roadcut i n  New Albany S h a l e  0 . 1  m i  east of Madison- 
E s t i l l  County l i n e ,  on Kentucky Highway 594, 7.8 m i  
east of i t s  j u n c t i o n  w i t h  U. S. 421, n o r t h e a s t  of 
Big H i l l ,  E s t i l l  County, Kentucky. 

Roadcut i n  New Albany S h a l e  on north s i d e  of Kentucky 
Highway 499, 1.8 n i  west of Dug H i l l ,  E s t i l l  County, 
Kentucky. 

R a i l r o a d  c u t  i n  New Albany S h a l e  on n o r t h  s i d e  of 
Kentucky Highway 1571, 0.4 m i  beyond i t s  j u n c t i o n  
w i t h  Kentucky 52 a t  Revenna, E s t i l l  County,  Kentucky 
( n o r t h  of Kentucky R i v e r ) .  

Roadcut i n  Ohio S h a l e  on Kentucky Highway 1 0 ,  1.1 m i  
w e s t  of j u n c t i o n  o f  Kentucky 8 and 10 a t  Vanceburg, 
L e w i s  County, Kentucky; 1 m above b a s e  of measured 
s e c t i o n .  

Same l o c a t i o n ;  2.2 m above b a s e  of measured s e c t i o n .  

Outcrop of Ohio S h a l e  i n  stream bed on g r a v e l  road up 
Rock Camp Run, 1.1 m i  n o r t h  of Kentucky Highway 
344, 0.3 m i  east of P e t e r s v i l l e ,  L e w i s  County, 
Kentucky. 

Roadcut i n  Ohio S h a l e  0.4 m i  n o r t h  on t h e  east s i d e  
of S p r i n g  Road, 0 .7  m i  east of W a l l i n g f o r d ,  Fleming 
County, Kentucky. 

Roadcut i n  Sunbury S h a l e ,  Bedford S h a l e ,  and Borden 
F o r n a t i o n  on n o r t h  s i d e  of I n t e r s t a t e  6 4 ,  4.3 m i  
w e s t  of Morehead (Kentucky Highway 32) i n t e r c h a n g e ,  
Rowan County, Kentucky; sampled Sunbury S h a l e  0.6 m 
below upper  c o n t a c t .  

Same l o c a t i o n ;  sampled Sunbury S h a l e  2 m below upper  
c o n t a c t .  

Roadcut i n  Ohio S h a l e  on s o u t h  s i d e  of I n t e r s t a t e  6 4 ,  
6.0 mi w e s t  of i n t e r c h a n g e  a t  Morehead, Rowan 
County, Kentucky; a t  b a s e  of Ohio S h a l e .  

Roadcut i n  Mew Albany S h a l e  on n o r t h  s i d e  of Mountain 
Parkway j u s t  w e s t  of  Clay C i t y  i n t e r c h a n g e  ( E x i t  1 6 ) .  
Powell  County,  Kentucky; 2 . 1  m above b a s a l  c o n t a c t .  



SAMPLE 
NUMBER 

17337 

17338 

17339 

17340 

17341 

17342 

17343 

17344 

17345 

17346 

17347 

L7348 

L7349 

L7 350 

'3'8 
( P P d  

31 

42 

47 

35 

36 

19 

6 

44 

32 

81 

77 

79 

106  

58 
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Same l o c a t i o n ;  7.6 Q above b a s a l  c o n t a c t .  

Same l o c a t i o n ;  9 .6  m above basal c o n t a c t .  

Same l o c a t i o n ;  10 m above b a s a l  c o n t a c t .  

Same l o c a t i o n ;  18 m above b a s a l  c o n t a c t .  

Same l o c a t i o n ;  23 m above b a s a l  c o n t a c t .  

Roadcut i n  New Albany S h a l e  on eas t  s i d e  of Kentucky 
Highway 1057 a t  S t a n t o n  (Kentucky 213) i n t e r c h a n g e  
of Mountain Parkway, Powell  County, Kentucky; 9 .1  m 
below upper c o n t a c t .  

B r a z i l  c o r e .  

B r a z i l  c o r e .  

New c u t  i n  S e w  Albany S h a l e  a t  b u i l d i n g  s i t e  on  w e s t  
s i d e  of Kentucky Highway 11, a b o u t  1 m i  n o r t h  of 
j u n c t i o n  Kentucky 11 and 15 a t  Clay C i t y ,  Powell  
County, Kentucky. 

Roadcut i n  Chat tanooga S h a l e  on east s i d e  of  I n t e r s t a t c  
65, 1 mi s o u t h  of j u n c t i o n  1-65 and U. S.  64 a t  
P u l a s k i ,  Giles County, Tennessee;  .88 m above b a s a l  
c o n t a c t .  

Roadcut i n  Chattanooga S h a l e  on east  s i d e  of Tennessee 
Highway 7 ,  1 .8  m i  s o u t h e a s t  of Snow Creek,  n e a r  
S a n t a  Fe,  Maury County, Tennessee.  

Roadcut in Chattanooga S h a l e  on U .  S. Highway 64,  2.4 
m i  east of c i t y  l i m i t s  of Kelso,  L i n c o l n  County, 
Tennessee;  .4  m above b a s a l  c o n t a c t .  

Roadcut i n  Chat tanooga S h a l e  on e a s t  s i d e  of  U. S. 
Highway 231, 10.7 m i  n o r t h  of F a y e t t e v i l l e ,  L i n c o l n  
County, Tennessee;  0 .5  m below upper  c o n t a c t .  

Roadcut i n  Chat tanooga S h a l e  on b o t h  s i d e s  of U. S. 
Highway 41, 1.1 m i  n o r t h w e s t  of Noah Fork Br idge ,  
n e a r  Noah, Coffee  County, Tennessee ;  0.67 m above 
b a s a l  c o n t a c t .  
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SAMPLE 
NUIIEER 

17351 

17352 

17353 

17354 

17355 

17356 

17357 

17358 

17359 

17360 

17361 

17362 

17363 

u3°8 
(ppd 

50 

49 

23 

23 

43 

33 

95 

95 

72 

49 

66 

51 

34 

UGR F i l e  #300 

Univ. of  C i n c i n n a t i  
A p r i l  1975-Dec. 1976 

COO-1650-1 

LOCAT ION 

Same location; 2 m below upper contact. 

Roadcut in Chattanooga Shale cn east side of Tennessee 
Highway 53, 6.2 mi south of Dekalb-Cannon County 
line, Cannon County, Tennessee; 0.72 m above basal 
contact. 

Same location; 2 m below upper contact. 

Roadcut in Chattanooga Shale and Flaury Shale on north 
side of U. S. Highway 70, 3.2 mi west of Smithville, 
Dekalb County, Tennessee; 0.47 m below Dowelltown- 
Gassaway contact. 

Same location; 1.75 m below upper contact of'Gassaway 
menber . 

Sane location; in Pfaury Shale, 0.1 m below upper con- 
tact. 

Highway cut in Chattanooga Shale and Maury Shale at 
east end of Sligo 
U. S. Highway 70, east of Smithville, Dekalb County, 
Tennessee; in Maury Shale, 0.15 m below upper con- 
tact. 

Bridge over Center Hill Reservoir, 

Same location; in Maury Shale, 0.4 m below upper 
contact. 

Same location; in Chattanooga Shale at basal contact 
of Gassaway nenber. 

Same location; in Chattanooga Shale, 0.3 m above basal 
contact of Dowelltown member. 

Highway cut in Chattanooga Shale on Tennessee Highway 
53, 0.7 mi north of entrance to Dale Hollow Dam 
overlook (west side), north east of Celina, Clay 
County, Tennessee; 0.1 m above basal contact. 

Roadcut in Chattanooga Shale near north end of Dale 
Hollow Dam, opposite overlook, near Celina, Clay 
County, Tennessee; 3.1 m above basal contact. 

Same location; 1.75 m below upper contact. 



SAMPLE 
NUMBER 

17364 

17365 

17366 

17367 

17368 

17369 

17370 

17371 

17372 

17373 

17374 

17375 

'3'8 
(PPd 

64 

40 

82 

23 

14 

34 

83 

95 

69 

40 

59 

32 

UGR F i l e  8300 

Univ. of Cincinnati 
A p r i l  1975-Dec. 1976 

COO-1650-1 

LOCATIOX 

Highway cut in Chattanooga Shale 0.4 mi west of west 
end of bridge over Obey River, on Tennessee Highway 
53, near Celina, Clay County, Tennessee; 0.5 m 
above basal contact. 

New roadcut in Chattanooga Shale on west side of 
Tennessee Highway 53 just beyond Dry Fork, south of 
Celina, Clay County, Tennessee; 0.84 m below upper 
contact. 

Same location; 3.5 m below upper contact. 

Sane location; 0.2 m above basal contact. 

Roadcut in Chattanooga Shale on Tennessee Highway 135, 
8.7 mi east of the junction of Tennessee 135 and 53 
at Gainesboro, Jackson County, Tennessee; at basal 
contact. 

- 

Same location; 1.0 m below upper contact. 

Outcrop o f  Chattanooga Shale in bed of Flint River, 
along Upcreek Road near Sulphur Springs, Madison 
County, Alabama. 

Roadcut in Chattanooga Shale on Buddy Williamson Road 
about 0.35 mi east of its intersection with Mint 
Springs Road, 2.8 mi west of Plena, Madison 
County, Alabama. 

Outcrop of Chattanooga Shale 0.1 mi. east of bridge 
over unnamed creek on Carriger Road, 1 mi east of 
Fisk, Madison County, Alabama. 

Roadcut in Chattanooga Shale on Tennessee Highway 56 
at south approach to Hurricane Bridge over Center 
H i l l  Reservoir, 1.6 mi south of the bridge and 
about 0.7 mi north-northeast of Smithville, Dekalb 
County, Tennessee; at upper contact. 

Same location; 4.5 m below upper contact. 

Same location; 0.5 m below Dowelltown-Gassaway member 
contact. 
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UGR F i l e  8300 

Univ. of  Cincinnati 
April 1975-Dec. 1976 

COO- 165 0-1 

L 

r. 

4 

I 
SAMPLE 
NUMBER 

17377 

17378 

17  37 9 

17380 

17381 

17382 

17383 

17384 

17385 

17386 

17 387 

17388 

17389 

17390 

19893 

I I 
I 19894 

‘3’8 
( P P d  

30 

34 

24 

7 

20 

25 

6 

6 

30 

38 

13  

10 

4 

38 

22 

35 

LOCAT IOh’ 
~ 

Core of Ohio Shale :  

Lew Bates, Jr. No. 2 Kocheiser  
Sec.  30, Washington Twp., 422 f t  FSL x 550 f t  FEL 
Richland County, Ohio 

60.5 ft below top .  

Same l o c a t i o n ;  78.5 f t  below top.  

Same l o c a t i o n ;  416 f t  below top.  

Same l o c a t i o n ;  433 f t  below top.  

Core of Ohio Shale :  

Kentucky-West V i r g i n i a  Gas No. 7239 Combs 
1690’ FXL x 325’ FWL of Sec. 19-K-76 
P e r r y  County,  Kentucky 

8.6 f t  below t o p .  

Same l o c a t i o n ;  41.5 f t  below t o p .  

Same l o c a t i o n ;  77.2 f t  bel.ow top .  

Same l o c a t i o n ;  175 f t  below top .  

Same l o c a t i o n ;  240.4 f t  below top .  

Same l o c a t i o n ;  292.6 f t  below t o p .  

Same l o c a t i o n ;  302 f t  below t o p .  

Same l o c a t i o n ;  319.8 f t  below t o p .  

Same l o c a t i o n ;  333 f t  below t o p .  

Same l o c a t i o n ;  229.7 f t  below t o p .  

N e a r l y  complete  s e c t i o n  of  Ohio S h a l e ,  Bedford S h a l e ,  
Berea Sandstone and Sunbury S h a l e  exposed f o r  5 . 1  
m i l e s  i n  r o a d c u t s  a l o n g  b o t h  s i d e s  of Ohio Highway 
32 n e a r  P e e b l e s ,  F r a n k l i n  Township, Ohio (Adam 
County);  sampled Ohio S h a l e  210 f e e t  below upper 
c o n t a c t .  

Sane  l o c a t i o n ;  200 f e e t  below upper  c o n t a c t .  
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COO-1650-1 
Univ. o f  Cincinnat i  
A p r i l  1975-Dec. 1976 

._ ~~ 

SAMPLE 
NUMBER 

~ 

19895 

19896 

19897 

19898 

19899 

19900 

19901 

19902 

19903 

19904 

19905 

19906 

19907 

19908 

19909 

19910 

19911 

19912 

'3'8 
( P P d  

26 

27 

8 

6 

20 

28 

48 

1 9  

28 

23 

33 

15 

6 

8 

7 

6 

4 

8 

Same l o c a t i o n ;  174 f t  below upper  c o n t a c t .  

Same l o c a t i o n ;  132 f t  below upper  c o n t a c t .  

Same l o c a t i o n ;  76 f t  below upper c o n t a c t .  

Same l o c a t i o n ;  62 f t  below upper  c o n t a c t .  

Sane l o c a t i o n ;  6 1  f t  below upper  c o n t a c t .  

Same l o c a t i o n ;  33 f t  below upper c o n t a c t .  

Same l o c a t i o n  

Same l o c a t i o n  

Same l o c a t i o n  

Same l o c a t i o n  

18 f t  below u p p e r  c o n t a c t .  

a t  upper  c o n t a c t .  

77.6 f t  below upper  c o n t a c t .  

70.9 f t  below uppe r  c o n t a c t .  

( D u p l i c a t e  of  19899.) 

Incomple t e  s e c t i o n  of Ohio S h a l e  and Berea Sands tone  
exposed i n  d r a i n a g e  of  Mountain Branch of E lkhorn  
Creek and a long  a c c e s s  road  t o  Johnson B r o t h e r s  Lime- 
s t o n e  Quarry,  o f f  Kentucky Highway 197 ,  4 .7  m i  
s o u t h  of i t s  j u n c t i o n  w i t h  Kentucky Highway 80 i n  
Elkhorn C i t y ,  P i k e  County, Kentucky. Base o f  s e c t i o n  
is i n  g u l l e y  1 ,000 f t  FNL x 100  f t  FWL of  Sec.  
24-5-86; t o p  of  s e c t i o n  i s  a l o n g  access r o a d  1 , 9 5 0  
f t  FNL x 100 f t  FEL of  Sec.  25-5-86 (Hellier 
q c a d r a n g l e ) ;  sampled Ohio Shale 795 f t  below uppe r  
c o n t a c t .  

Same l o c a t i o n ;  750 f t  below upper  c o n t a c t .  

S a a e  l o c a t i o n ;  752 f t  below upper  c o n t a c t .  

Same l o c a t i o n ;  731 f t  below upper c o n t a c t .  

Same l o c a t i o n ;  385 f t  below upper  c o n t a c t .  

S a m e  l o c a t i o n ;  352 f t  below upper  c o n t a c t .  

S a m e  l o c a t i o n ;  276 f t  below u p p e r  c o n t a c t .  

5 

* 
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SAMPLE 
NUMBER 

19913 

19914 

19915 

19916 

19917 

19918 

19919 

19920 

19921 

19922 

'3'8 
(PPd 

18 

3 

1 

10 

10 

4 

9 

7 

8 

18 

UGR F i l e  8300 

Univ. of Cincinnati 
April 1975-Dec. 1976 

COO-1650-1 

LOCATION 

Same location; 56 ft below upper contact. 

Same location; 11 ft below upper contact. 

Same location; at upper contact. 

Same location; 786 ft below upper contact. 

Sane location; 751 ft below upper contact. 

Same location; 3 8 4 . 5  ft below upper contact. 

Same location; 351.5 ft below upper contact. 

Same location; 53 ft below upper contact. 

Incomplete section of Chattanooga Shale and Grainger 
Formation exposed f o r  0.55 mi in roadcuts and 
creekbeds along northeastern side of Tennessee 
Highway 31 (Flat Gap Road); top of Chattanooga 
Shale is located 4.25 mi north of junction of U. S. 
Route 11W and Tennessee Highway 31 at Mooresburg, 
Hawkins County, Tennessee (Lee Valley quadrangle); 
sampled Chattanooga Shale 131 ft below upper 
contact. 

Same location; 649 ft below upper contact. 
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